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Alpha-AmtLASE V&EIMCTS 

FXBXiD OF THE IW32MTIOH 

The present invention relates >. inter alia, to novel variants 
% of parent Tarm&myl-Iike alpha-asiylases , notably variants 
exhibiting altered properties, in particular altered cleavage 
pattern {relative to the parent) which are advantageous with 
respect to applications of the variants in, in particular, 
industrial starch processing (e.g., starch liquefaction or 
r eaccharif ication} . 

mcmmum of the invention 

Alpha-Amy lases (alpha -1 , 4 -glucaa-4 -gluoano%drolases , HC 
3 . 2 . 1 . 1 : constitute a group of enzymes which catalyse hydrolysis 

%% of starch and other linear and branched X J 4~giucasidi.e oligo- 
and polysaccharides . 

There is a very extensive body of patent and scientific 
literature relating to tteiq industrially very important class of 
enzymes. A number of alpha -arsyil m e such as Termamyi -like 

te alpha- amylases variants are known front e.g. WO $0/11$$%* WO 
■Mfl.Q$Q3< h'O 95/26337, MQ $6/23873, WO 96/23874 and ! d0 .97/41213. 

Among recent disclosure relating to alpha -amylases, WO 
: B$/2Mpi provides three-dimensional, X~ray crystal structural 
data for a Terrrcr/X - X ika alpha -amylase, reff ered to as BA2 , 
which consists of the 300: -terminal amino acid residues of the 
B, &mylolique£&c£&nB alpha -amylase comprising the amino acid 
sequence shown- in SBQ ID NO ; € herein and amino acids 301-483 of 
the C~ terminal end of the B, iichenifcurus alpha-ann/lsse 
comprising the amino acid sequence shown in Etc ID KO; 4 herein 

rs (the latter being available -cbTT^ercially under the tradename 
Termamyl^i , and which is thus closely related to the 
industrially important Bacillus alpha -amylases (which in the 
present context are embraced within the meaning of the term 
Tsrmamyl-itke alpha-aTcylasss" , and which include,, inter alia, 

s« Che «. lidhenifdiTSiSi £i amylof iguefaciens and S. 
stearcthc-rmophilus alpha-emylaeesi . s?0 96/23874 further 
describes methodology for designing, on the basis of an analysis 
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of the structure of a parent Terrsajwl -like alpha -amylase, 
variants of the parent Tersiamyl-Iike alpha -amylase which exhibit 
altered properties relative to the parent, 

WO 3S/23874 and WO 97/41213 (Movo Nordisk} discloses 
$ Tsrsnamyl-like alpha -amylase variants with an altered cleavage 
pattern containing mutations in the amino acid residues V54, 
DS3 , Y55 j 0333, GS7 and A52 of the sequence shown in SEQ ID NO; 
4 herein, 

lH BRIEF DISCLOSURE OF THE IWENTIQH 

The present invsnti.cn relates to novel alpha -ajnyioiy tic 
variants (mutants} of a Termamyl ■- l ike alpha -amylase, in 
particular variants exhibiting altered cleavage pattern 
(relative to the parent) , which are advantageous in connection 

iv. with the industrial processing of starch (starch liquefaction, 
saccharif feat ion ana the like) . 

The Inventors have surprisingly found variants with altered 
properties;, in particular altered clesyage pattern which nave 
improved reduced capability of cleaving an substrate close to 

n the branching point, and further have improved substrate 
specificity and/or improved specific activity, in comparison to 
the WO 36/ 2 3 874 and WO 37/41213 (Novo Nordisk; disclosed 
Termamyl-like aipha~-amyla.se variants with an altexed cleavage 
pattern containing mutations in the amine acid residues VS4, 

it D53- Y56, Q333, GS7 and A52 of the sequence shown in SEQ ID NO: 
4 herein. 

The invention further relates to DMA, constructs encoding 
variants of the invention, on aotsposicion comprising variants of 
the invention, to ■methods for preparing variants of the 

ss invention, and to the use oi variants and conpositidns of the 
invention, alone or in. oosfoinatian with other alpha- amyioiy tic 
ency-ass, in various industrial processes; e.g. , starch 
liquet apt lorn and in., detergent compos it ion s , such as laundry, 
dish washing and hard surface cleaning compositions; ethanoi 

35 production, such as fuel , drinking and industrial ethanoi 
production; desiring ot textiles:, fabrics or garments etc. 
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Nomenclature 

In the present description and cluirs, the conventional one-- 
letter and three -letter: codes for amino acid residues are used. 
For ease of reference, .alpha -amylase variants of the invention 
s are described by use of the following; nomenclature : 

Oxugmai amino acid Is) j position (a) ^substituted amino aeidUa) 

According to this nomenclature, for instance the 
substitution of alanine for asparagine in position 30 is shown 
as c 

lp Ale 3 OAs n or A3 ON 

a deletion of alanine in the same position is shown as: 

Aia30* or A3 0* 

and insertion of an additional amino acid residue, such as 
lysine, is shown as; 
i* *30aLys or *3 0aK 

A deletion of a consecutive sketch p:f amino acid reshavses, 
such as amino acid residues 30-33, is indicated as Pd~S3}* or 
A0A3Q-K33] or delta (A3 0-N33) . 

Where a specific alpha -amylase contains a ''deletion" in 
2$ comparison with other alpha -s^l^s^s and ah insertion is made in 
such a: position this is indicated as: 

*36aAsp or *3SaD 

for insertion of an aspartic acid in pes.-, t ion 3 0 
Multiple mutations are separated by plus signs, i.e.; 
as AlaSOAsp * Giu34Ser or A30N*E345 

represent ing mutations in positions 30 and 34 substituting 
alanine and glutamic acid tor asparagine and serine, 
respectively. Multiple mutations may also be separated as 
follows, i.e., meaning the sarss as the plus sign; 
35 Ala30Asp/Glu34Ser or A30N/E34S 

When, one or more alternative amino acid residues may be 
inserted in a given position it is indicated as 
A3 OK, E or 
A3 Oh or A30E 

& Furthermore, when a position suitable for modification is 

identified herein without any specific modification being 
suggested, or A3 OX, it is to he underssooe that any amino acid 
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residue may foe Substituted for the: amino acid residue present in 
the position. Thus, for instance, when a mod if foamier or an 
alanine in position 30 £& mentioned, font not specified, or 
specified as , it is to be understood 'that the alanine may fas 
s deleted or substituted for any other amino acid, i.e., any one 
Of: R t Si 0,0,0^0, hi I,L,K t M,P,F,S,T,W,¥,V. 

DETAILED DISCLOSURE OP THE INVENTION 

xn It is well known chat a number of alpha "amylases produced by 

Bacillus spp. are highly homologous on the amino acid level. For 
instance, the B. lichenif crisis alpha -amylase comprising the 
amino acid sequence shown in SEC; lt> NO: 4 (commercially 

available as Termamyi TM ; has been found to be about 19% 

** homologous with the B. mtylollquefacians alpha --amylase 
comprising the amino acid .sequence shown in SEQ W KQ-. 6 ana 
about 79% homologous with the B, ste&roifr&x@&pkU'm- alpha- 
amylase comprising the amino acid sequence shown in SEQ IP MO: 
8. Further homologous ai^ha-ratrsylases. include an alpha- amylase 

20 derived from a strain of the Bacillus sp, MC1B 12282, hCXB 
12512, MC1B 12513 or DSM 3375, all of which are described in 
detail in WO SS/263S?, and the #70" alplia-, amylase described by 
Ttukamoto et Biochemical and Biophysical Research 

Communications, 151 11988} , pp. 25.-31 , 

3 Still further homologous alpha -amylases include the alpha- 

amyXasa produced by the B, li&h&iifoxmis strain described in BP 
0252666 (ATCC 27811} f and Che aipha-amyiases identified is WO 
91/003S3 and WO 94/15314. Other commercial Termamyl - libs B. 
.: ieh&ni'fdtiiii®. alpha -amylases are Optitherm™ and Take therm™ 

3 f ; (available from 5c vay; , Maxamyl™ (available from Gist- 

brocades/Genencor} , Spesym MP* and Spesyme Delta AA* (available 

from deneneox} , and Kbistase™ (available from Daiwa.5 - 

Because of the substantial homology found between these 
alpha -amylases; they are considered to foe long to the same class 
3-.s of alpha -'amylases, namely the class of "Termamyl -like alpha - 
amyiasss'P 
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Accordingly, in the present context, the carta "Termamyi - like 
alpha-amy'laee* is intended Co indicate an alpha. -amylase, which 
at the amino acid level exhibits a substantial homology Co 

T«rmamyi tM , i.e., the S. liah&miarmis alpha -amylase having the 
5 amino acid sequence shown in SSQ ID HO: 4 harem. In other 
words, a Termamyl - 1 ike alpha -amylase is an alpha - amylase, which 
has Che amino acid, seoasnee shown in SSQ ID NO:; 2. 4, 6, cr 8 
herein, and the amino acid sequence shown in SSQ ID 1 or 2 

of HO 95/2639? or in Tsukatnoco et ai . , 1338, or i> which 

p> displays at least 60%, preferred at least 70%, more preferred at 
least 75%, even more preferred ac lease 80%, especially at least 
SS%, especially preferred at least 90% , : even especially more 
preferred at least. 9S% homology, more preferred at least 97$-, 
mors preferred at least 99% with at least one of said amino acid 

is sequences and/or II) displays immunological cross -reactivity 
with an antibody raised against at least one of said alpha- 
amylases., and /or iii) is epoodsjd by a DHA sequence which 
hybridises to the DMA sequences encoding the abo^e- specified 
•alpha -amylases which are apparent from SSQ ID HOS: l, 3, 5 and 7 

se ol the: present application and SBQ ID HO'S; 4 and 5 of WO 
9S/2S3S7, respectively , 

In connection with property 1} ; the ''homology^ say be 
determined by use or any conventional algorithm,, preferably by 
use of the GAP progamme from the GCG package version 7.3 (June 

as 139y using default values for GAP penalties, which is a GAP 
creation penalty of 3.0 and GAP extension penalty of 0,1, 
{Genetic Computer Group {1991} Programme Manual for the GCG 
Package, version 7, 575 Science Drive, .Madison, Wisconsin, USA 
53711) . 

ss A structural alignment between Termamyl and a Termamyl ■ 

like alpha- amylase may be used to identify 

equivalent/corresponding, positions in other Termamyl'- like alpha- 
amylases. One method of obtaining said structural alignment is 
to use the Pile Up programme from the GCS package using default 

35 values of gap penalties, i.e., a gap creation penalty of 3.0 and 
gap extension penalty of 0,1. Other structural alignment methods 
include the hydrophobic cluster analysis (Gafebriaud et ai , , 
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(198?) , FEBS LETTERS 224, pp. 149-155? and reverse threading 
(Ruber , T ; Torda, KE f PROTEST SCIENCE Vol. 7, No. % pp. 142- 
14$ (1998). Property II) of the alpha -amylase, i.e. , the 
immunological cross reactivity, tsay be assayed using an antibody 
5 raised against, or reactive with, at least one epitope of the 
relevant Tsrmanwl-iike alpha -amylase,: The antibody, which may 
either be monoclonal or polyclonal, may be produced by methods 
known in the art, e,g,, as describee! by Hudson et al - , Practical 
Immunology, Third edition {19895, Blackweil Scientific 

i o Publications, The immunological cross-reactivity may be determi- 
ned using assays known in the art, examples of which are Western 
Blot cine or radial immunodiffusion assay* e.g., as described by 
Hudson et ai. f 1939. In this respect, immunological cross- 
reactivity between the alpha-i amylases haying the amino acid 

is sequences SEQ ID NOS ; 2, 4, 6, or 8, respectively,, have been 
found. 

The oligonucleotide probe used in the characterisation or 
the Termamyl -like alpha -amylase in accordance with property ill) 
above may suitably be pars-pared on the basis of the full: or 
2:i caret a.) nucleotide or amino, acid sequence of the aloha -amylase 
in question. 

Suitable conditions for testing hybridisation involve 
presoaking in SxSSC and prehybridi cing for I hour at ~40*C in a 
solution of 20% formamids, BxBeahardt ' s solution, SOxm sodium 
2s phosphate, pH 6. S, and 50mg of denatured sonicated calf thymus 
DKA, followed by hybridiestion in the same solution supplemented 
with lOOmM ATP for 18 hours at -40°C, followed by three times 
washing of the filter in SxSSC, 0.2% SDS at 4 0' C. for 30 

minutes (low stringency. i f preferred at S0*C (medium 
rs stringency) , more preferably at 65*C {high stringency; , even 
more preferably at -7S°C (very nigh stringency} , More details 
about the hybridisation method can fee found in Satdbrook et ai . , 
Mo.lecular_Cionii^g; A Laboratory Manual > 2nd Hid. , Cold Spring 
Harbor, 1989, 

3s In the present context, "derived from" is intended not only 

to indicate an alpha -amylase: produced or producible by a strain 
of the organism in question, but also an alpha -.amy! a se' encoded 
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by a HA sequence isolated from such strain and produced In a 
host organism transformed with said sequence. Finally, the 

term is intended to indicate an alpha -amy lass, which is encoded 
by a DMA sequence of synthetic and/or cTMA origin and which has 
S the identifying characteristics of the alpha -amylase in 
question. The term is also intended to indicate that the parent 
alpha -amylase may be a variant of a naturally occurring alpha - 
amylase, i.e. a variant, which is the result or a modification 
(insertion, substitution, deletion/ of one or core amino acid 
10 residues of she naturally occurring aipha-amylase . 

Parent hy brid a ioha ••amylases 

The parent aipha~an^la«e stay be a hybrid a ipsa- amylase, 
i.e., an alpha -amylase,, which comprises a combination of partial 

.is amino acid sequences derived from at least two alpha-amylases . 

The parent hybrid alpha -amylase may fee: one, which on the 
baste of amino acid homology and/or immunological: cross - 
reactivity and/or -Wh hybridisation (as defined above); can be 
determined to belong to the Ter^aT^fl-like alpha -amylase family. 

20 In: this case, the hybrid alpha -amylase is typically composed of 
at least one part of a T/srmamyl~-lik.e alpha- amyl ase and partis) 
of one or more other alpha -amylases selected from Tsrmamyl -like, 
alpha -amylases or non~Termamyl -like aloha -amylases of microbial 
{bacterial or runga!) and/ or mammalian origin , 

s» Thus, the parent hybrid alpha -amylase may comprise a 

combination of partial amino acid sequences deriving from at 
least two Tsrmamyl-1 ike alpha -amylases , or from at least, one 
Termamyl-liks and at least one non-Termsmyi -like bacterial 
alpha -amylase, or from at least one Termsmyi ~1 ike and at least. 

30 one fungal alpha -amylase. The Tsrmamyl -I ike alpha- amylase from 
which a partial amino acid sequence derives may, e.g., be any of 
those specif ic Termamyi -like alpha-amylases referred to herein. 

For instance, the parent alpha -amylase may comprise a C- 
f ermine! pare of an alpha- amylase derived from a strain of .8 . 

35 lichezsiforacds, and a S~ terminal part of an alpha -amylase derived 
from a strain, of B. aan/loligcefacie-ps or from a strain of S, 
s::e^;'ctiercopb3.h.n- . For instance, the parent alpha -amylase may 
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comprise at least 430 amino acid residues of the O- terminal pare 
of che B, licheniformis alpMa-amyiaset and may, e.g., comprise 
a.) an. amino acid segment correspond ing to the 3 7 n'- terminal 
amino acid residues of the B. smyl&ligu&faciepB alpha •■amylase 
s having the anh.no acid sequence shown in SSQ ID NO; 5 and an 
amino acid segment corresponding: to the 445 C- terminal amino 
acid residues ot the S, I xcheni ior;v:l s alpha-amylase having the 
amino acid sequence shown in SEQ IB. HO: 4, or h) an amino acid 
segment corresponding to she 68 N-- terminal amino acid residues 

so of the B-< s tea ro thermophilics, eipha~areyla.se paying the amino acid 
ssguence shown in SSQ ID MO: 8 and an amino acid segment 
corresponding to the 415 C -.terminal amino acid residues of the 
S, licheniformis alpha -amylase having the amino acid sequence 
shown in SEQ ID NO: 4. 

is- In a preferred embodiment the parent Term&myL-like alpha- 

amylase is a hybrid Terjaamyl-like aipha~amylase identical to the 
Bacillus licheniformis aIpha-smyXas?e> shown in SEQ ID HO: 4 f 
except that the M~ terminal 35 amino acid residues (of the mature 
protein) is replaced, with the N~ terminal 33 amino acid, residues 

S's : of the mature protein of the Bacillus amyioliqmfmcishs alpha- 
amylase CB&H) shown in SEQ ID UQi. S. Said hybrid may further 
/have the following mutations: BI5SY+JUS1T+JS190F+A20SV+Q264S 
(using the numbering in SEQ IB HO: 4} referred to as LEX 7:4 . 

Another preferred parent hybrid alpha -amylase is LS42 3 shown 

is in SSQ ID SO: 2. 

The non-Termamyi-like alpha- amylase may, e.g., be a fungal 
alpha -amy I ace., a mammalian or a plane alpha -amylase or a 
bacterial alpha -amylase (different from a Termamyl- like alpha- 
amylase) . Specific examples or such alpha -asylases includs the 

3? Aspergillus orycae TAKft alpha -amy! as e , the A. nige? acid alpha- 
amylase, the Bacillus .sub tills alpha •• amy 1 ase , the porcine 
pancreatic alpha -amy lass and a barley alpha-amylase, Ail of 
these alpha- amylases have elucidated structures > Which are 
markedly dif ferent from: the structure of a typical Termamyl ■- like 

; ; . alpha -amylase as referred to herein. 

The fungal alpha -amylases mentioned above, i.e., derived 
trots A> nicer and ,h. orynae, are highly hemoiogocs on the amino 
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acid lavsl and generally considered to belong to the same family 
of alpha - amylases , The fungal alpha- amylase derived from 
Aspergillus oryzae is cormHeroiaxly available under the tradename 

Pungamyl™, 

Furthermore, when a particular yariant. of a Termamyl -like 
alpha -amy lass (variant of the invention) is referred to - in a 
conventional manner - by reference to modification (e.g. , 
deletion or substitution) of specific amino acid residues in the 
amino acid sequence of a specific Termamyl- like alpha -amylase, 
it is to he understood that variants of another Termamy! -like 
alpha -amylase modified in the equivalent position, {s} (as 
determined iron- the beet possible amino acid sequence alignment 
between the respective amino acid sequences) are encompassed 
thereby . 

& preferred embodiment of a variant of the invention is one 
derived from a B. lie&^i£orm§ : slpbam amylase (as parent 
Term amy! -like alpha -a^ylass) , s . 9 . .. one of those referred tc 
above, such as the B, lichenxfozmis alpha -amylase having the 
amino acid sequence shown in SBQ ID HO; 4 . 

Construction of variants of the invention 

The construction of the variant of interest. may be 
accomplished by cultivating a rd.c reorganise corner ising a 
sequence encoding the variant under conditions which are 
conducive for producing: the variant. The variant may then 
subsequently be recovered from the resulting culture broth . This 
is described in detail further below. 

rblhklh ibh?ih r -(-^ 

The following discusses the relationship between mutations, 
which may be present in variants or the invention, and desirable 
alterations re properties (relative to those of a parent 
Termamyl -like slpha-amyiase} f which may result there frdsn 

In the first aspect the invention relates to a variant of 
a parent Termamyl -like alpbs-amyiase, comprising an alteration 
at one or more positions selected from the group of : 
n% G4 8, 14 9, $m, Q51, AS 2 , DS3 f VS4, SS? , GTS?, 01 08, Alii, 
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S168, M197, wherein (a) the alteration is5 are independently 

IX) an insertion of an atctno: acid downstream of the amino 

acid which occupies the pes it ion, 

(ii) a deletion of the amine acid which occupies the 

position, or 

iiii) a substitution of the amino acid which occupies the 
position with a different amino acid, 

(hi the variant has alpha- amylase activity and (c) each position 
corresponds to a position of the amino acid sequence of the 
parent Termanyi-like alpha -amylase having the amino acid 
sequence of Sir EQ NO; 4. 

In a preferred embodiment the above variants of the 
invention comprise a mutation in a :posif ion corresponding/ t© at 
least one of the following mutations in the- amino acid sequence 
shown in SEQ ID NO: 4 : 

VS4N t AS2S, m2$*Vm®, T4$L : T4B+GIQ7A, A52S^V£4H^T43L+GI:07h> 

G107A, QSIRo QS1&*AS2S, &S2Wf or 
T<1SF+G10?A, T4 3V+G1G7A, I^9$*Gl07A f ^4.S^SI0m, f 43 : SeGi07A :t 
T49N*G10?A f: T4 9.I-rGl.07A, T4§L*AS2S4G107A, T49L+A52T+G107& A 
T4 2 F-i-Gl 07 A, T4 3L+&5 : 2h-rGl 07A , T4 9:t>f : M2 1 *$l 0 7A, 

T49h*A52V*G107Ar or 

7491, T49D, T4M) 74 9S. 749Yi T49F, T4-9H; T49M> T49E, 
T43Q, Wm> T49R, AS2T, A52L ; A52X t AS2V ; AS2M, AS2F, AS2Y, 

VS4M, GX07V, GQ.7J, GX07.L, GI07C . 

In a preferred ershodimeht a variant of the invention 
comprises at least one .mutation in a position, corresponding to 
the following mutations in the amino acid sequence shown in SSQ 
ID KsQ: 4; 
MMhL, I , V , Y ,, A ; 
Gi SA , V , S T,. 1 , L ; 

*4.SaQ or *4 8aY (i.e., insertion of D or Y) ; 
74 9Y? 

*49aX (i.e., insertion of any possible amino acid residue) 

SSOX, in particular f .X,i 

QSXR ; K; 

AS2Y, in particular : A52&.&,t> F. f L/'I f Vr 
D53E, Q,Y,l ; N ; S t T f ¥ ; n ; 
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V54X, in particular VS42 > H ; f ( F f to 
G5 7S.A, V,L f I, F,Y,T; 

GXQ7X, in particular G 1 G7A t v ( g, T f .■ I f :L, C ; 
G108X, in particular S,% I , L; 

5 AlllV,l,p; 
S1S8Y; 

in particular Y,F,L, E.T.A.G. 
In a preferred e«-bodiment a variant of the invention 

comprises the following mutations corresponding to the following 
ic mutations in the amino acid sequence shown in SEQ ID NO: 4: 

T4 SX+A52X 4-VS4N/ I/L/Y/ F/ W+Gl 0 ?A , and nsay farther comprise G1Q0A. 
In a preferred ernboain-ent a variant of the invention 

comprises at least one mutation corresponding to aha following 

notations in the amino acid sed^noe shown in SEQ ID NG; 4 ; 
n; T4SL+G1G7A? 

T4SIfG10?A; 

iN'9L+dl07A+V54I ; 

T4$I-G10---A, V34I ; 

A52S*V54N+T49L*GXQ?A; 
so A52SW54I*T4 9Lh-G107A; 

A52S-JT4 9L+G107A; 

A52T+743L+GX07A; 

AS2 S*VS 4 N »%4 9 I ->-Gl G 7 A j 

A52S4-VS41-;-T4SI <-G107A; 

AS2S-!G'4:9IhG107A; 

T43LrG108A? 

T491-.G108A; 

T49L^Gi08A+V541 ; 

T4 9I-i-G10BA+V&4I. 

3s Ail of the above -oentioned variants of the invention have 

altered properties {-esaning increased or decreased properties) , 
in particular at least one of the following properties relative 
to the parent a Ipha -amylase c reduced ability to cleave a 
substrate close to the branching point, Improved; substrate 

r;i specificity and/or improved specif io activity, altered substrate 
binding, altered thermal stability, altered pK/activity profile, 
altered pH/stahility profile, altered stability towards 
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oxidation, altered €a?~ dependency. 



S^abilitv___ 

In the context of the present invention, mutations 
(including amino acid substitutions and/or deletions) of 
importance with respect to achieving altered stability, in 
particular improved stability higher or lower) , at 

U especially low pH (i.e., pH 4«-€} include any of the mutations 
listed in the in » v Altered properties'' section, above and the 
variants mentioned right below. 

The following variants; C360A.,K; N1Q2A, N326A,L, ^'190G, 
m&§Ki Y2S2A, K,K (using the BAM, i.e., SEQ ID N: 6 f nutsbf ring) 

.5,5. were also tested tor pH suability. A preferred parent alpha- 
amylase may be 3A2 described above. The pH stability was 
determined as described in the "Materials % Methods" section, 

a* Ss!:..£h^iliuV 

Altered Ca 4 * stability means the suability of the enzyme 
under Ca 5 " depletion has been improved, i . e . , higher or lower 
stability. In the context of the present invention, mutations 
(including amine acid substitutions} of importance with respect 

25- to achieving altered Ca'" stability, in particular improved Ca"* 
Stability, i.e., higher or lower stability, at especially low pH 
(i.e., pH 4-S) include any of the rtjutatidns- listed in the in 
^Altered properties" section above. 

35 Specific activity 

In a further aspect of the present invention, important 
mutations with respect to obtaining variants exhibiting altered 
specific activity, in particular ihcreased or decreased specific 

activity, especially at temperatures ftqtix SO-lOOhT, preferably 
k*> 70-95hy especially SO-W 5 ", include any of the mutations listed 
in the in Altered properties" section above. 

The specific activity of and was determined to 
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16,000 MU/mg using the Phadebas® assay described in the 
"Materials and Methods ' ' section. 

Altered cleavage pattern 
s Jn the starch liquefaction process it is desirable to use an 

alpha -amylase, which la capable of degrading the starch 
molecules into long, branched oligosaccharides , rather than an 
alpha ••amylase, which gives rise to formation, of shorter, 
branched oligosaccharides (like conventional Termamyl-like 

10 alpha -amylases) . short,- branched oligosaccharides {panose 
precursors; arc not hydrolysed satisfactorily by pullulanases , 
which are used after alpha "amylase treatment in the liquefaction 
process, or simultaneously with a saccharifying arc/1 ogiucosidase 
Cglucoaoylase) , or before. adding a saccharifying 

is amrioglucosidase ch.ocoaroylase) . Thus, i.n the presence of panose 
precursors, the product Ttd^ture present af ter the glwcoansylase: 
treatment contains a significant: proportion of short, branched, 
so-called limit ~dextrin :/ vis. the trisaccharide pa®om* The 
presence of panose lowers the. sacpharifioation yield si£~ 

do nificantly and is thus undasiraBle ■* 

It has been reported previously (US patent 5, 23:4, :8 S3) 
that* when saccharifying with glucoamylase and pulluianase, 
the presence of residual alphas amylase a/ctiyity arising from 
the iigsef action process, can load to lower yields of glucose, 

a ^ if the alpha -amylase is not inactivated before the 
saecharifieation stage. This insctivacion can be typically 
carried out by adjusting the pK to below 4,7 at &5<*&, before 
lowering the temperature to CCo'C for saccharif ication. 

The reason for this negative effect on glucose yield is 

3D not fully understood, but it. is assumed chat the liquefying 
alpha- amylase (for example liermamyi 12 0 L from 
S. iicbeciforads] generates "iifidt dextrine ;: (which, are poor 
substrates for pulluianase) , by hydrolysing lob-alpha- 
glucosid.ro linkages close to and on both sides of the 

3* branching points in. amylopeotin. Hydrolysis of these limit 
dextrine by glucoaftiylase leads to a build up of the 
trisaccharide panose, which is only slowly hydrolysed by 
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gluccuvnyiase . 

The development of a t hereof table alpha -amylase, which 
does riot suffer from this disadvantage, would be a significant 
improvement , as no separate inaetivation step would be 
required, 

Thus, the aim of the present invention is to arrive at a 
mutant alpha - amylase having appropriately modified starch- 
degradation characteristics but retaining the thermostability of 
the parent Termamyl •■ 1 ike alpha ■■amylase. 

Accordingly, the invention relates to a variant of a 
Tferm&my i -like alpha -amylase, which lias an improved reduced 
ability to cleave a substrate close to the branoning : point, and 
further has improved substrate specificity and/ or improved 
specific activity. 

Of particular interest is a variant, which cleaves an 
amyiopectin substrate, from the reducing end, -more than, one 
glucose unit from the branching point, preferably mote than two, 
or three glucose unite from the branching point, i < e , , at a 
further distanes: from the branching point than that obtained by 
use of a wild type B* .UcMenifbi^is %l-pha-aniyl&se . 

It may be mentioned hare that according to WO :96/238?4, 
variants comprising at least one of the following mutations ate 
expected to prevent cleavage close to the branching point; 
V5 4 L .. 1 , F , Y .. V? , R , K , H , S , Q ; 
D53 L, 1 , F, Y> W) 

Q333W; 

G57,ail posMble amino acid residues; 

AB2, ammo acid residues larger than A, e.g., A52W, Y, L, F, I . 

Mutations of particular interest, in relation to obtaining 
variants according to the: invention having an improved reduced 
ability to cleave a substrate: close to the branching point, and 
further has improved substrate specificity and/or improved 
specific activity include mutations at the following positions 
in 8, licbeniforssie alpha -amylase, SSQ ID m-i 4; 
HISS, A181, UlSfo., Q2e4 and 1201. 

It should be emphasised chat not only the Termamyl - like 



aipha-awl&ses mentioned specifically below may be used. Also 
other commercial Termamyl-like a Ipha- amylases can be used. An 
unexhaustive list of such alpha -amylases is the following? 
Alpha -amylases produced by the S. Mdhmifozmi e strain described 
s in EP 0252S6S (ATCC 278111, and the- alpha* amylases identified in 
WO 91/00353 and WO 94/1B314. Other commercial Termamyl-like 8'. 
lichenifamiiis alpha- amylases are Opt i therm™ and Takatherm™ 
(available from Solvay) , Maxamyl™ (available from Gist- 
brocades /Genencor} , Spesym AA™ Spesyme Delta AA** (available 

is from Genencor) , and Keistase' 5 '* (available from Daiwa) . 

All Termamyl-like alpha -amylase may suitably be used am 
backbone for preparing variants of the invention. 

In a preferred erabodimene of the invention, the parent 
Termamyl-like alpha -amylase is a hybrid alpha- amy lam of SEQ IB 

as NO: 4 and SEQ ID MO ; G. Specifically, the parent hybrid 
Terms my I -like alpha -amylase, may be a ^hybrid alpha -amylase 
comprising the 445 C- terminal amino acid residues of the B. 
lichmifomds aipha-amylaiss .shown In. SEQ ID HOt 4 and the 3 : 7 ■■ .$■« 
terminal amino acid resits of the .mature alpha -amylase derived 

•a© from B. airiyloliqimtacim& shown in SEQ ID b'O ; 6, which may 
suitably torches have the following mutations;: 
H156Y---A18IT-;NI90F-;-A20sV- : -Q254S (using the ntiiTsbering in SEQ ID MO; 
4). Tbis hybrid is rafes-red to as LE1?4 . The LSI 74 hybrid may be 
combined with a further mutation 12 OIF to farm a parent hybrid 

as Termamyl -like alpha- amylase haying she following mutations 
H156y+A181T-;NI90F-A209X?aOS£4S+I201F (using SEQ ID WQi 4 for the 
numbering) . This hybrid variant is shown in SEQ ID dD; 2 and is 
used xn the examples below, and is referred to as LE429. 

Also., LEI 7 4 or LS41S (SEQ ID NO; 2} or S. lichen if oralis 
alpha- amylase shown in SEQ ID 4 comprising one or more of 

the following mutations, may be used as backbone (using SEQ ID 
NO; 4 tor the numbering of the mutations; : 
EllSOr 
S130C; 

:n D124C; 
R127C; 
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AS2alI possible amino acid residue®; 
SSS.ali possible amino acid residues; 
F$6ali possible amino acid residues? 
Vl2Sail possible ami.no acid residues; 
5 possible amino acid residues; 

s378ali possible amino acid residues; 

S 14 Sail possible amino acid residues, in particular S148M; 

Elllall possible amino acid residues, in particular E211Q? 

NiSSaii possible amino acid residues, in particular K ; 188S , N188P 
is Ml 9 7a. 11 possible amino acid residues, in particular K15?T ; 

M137A, M1S7G, Ml 97.1, M197L, M137Y, ^i&'Hl Ml 971; 

wl38all possible amino acid residues, in particular W13SY; 

D207ali possible amino acid residues, in particular D207y- 

HI < 3 all possible a ode a acid residues, ih paru.icu.lar EUMj. 
is HI 05a 11 possible amino acid residues t in particular B2031h 

H20SC, H20SR; 

SI87all possible amine acid residues:, in particular S187D; 
MiOali possible amino acid residues, in particular MZQS, 
A2X0T; 

20 H405all possible ammo acid residues, in particular H405D; 

K.I 7 Sail possible amino acid residues, in particular K176S; 

F2-79.01X possible amino acid residues, in particular F275Y; 

Q296all possible amino acid residues, in particular Q2 3BH; 

829>«13, possible amino acid residues, in particular G293R; 
ti L308ali possible amino acid residues, in particular L308F; 

T4i2ail possible amino acid residues, in particular T4I2A; 

Further, 3, lichenitomds alpha -amylase shown in SEQ ID NO: 

4 comprising at least one of the following mutations may be used 

as backbone; 
so Ml Sail possible amino acid; residue©; 

A33all possible artn.no acid residues; 

When us leg LE42 9 i shown in SEQ I'D NO ; 2} as the backbone 

(i.e., as the parent TexmafSyl -like alpha -amylase} by combining 

1H174 with the mutation X201F (Sub IS MO: 4 numbering; , the 
is mutatxons/aiterations, in particular substitutions, deletions 

and insertions, may according to the invention be made in one or 

more of the following positions to improve the reduced ability 
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to cleave a substrate close to the branching point, and to 
improve substrate specificity and/or improved specific activity: 
WI3,, G48, T43, BSD, QS1 f -K52, 353, YS4 , G57, GI07, QI08, AX1X, 
SX68, mSl (using the SBQ ID NO: 4 nustbering} 
s wherein {a} the alteration. im$ axe independently 

(1) an insertion of an amine acid downstream of the anh.no 
acid which occupies the position, 

(ii) a deletion of the amino acid which occupies the 
position, or 

is {iii; a substitution of the a no no acid which occupies the 

position with a different amino acid, 

(b) the variant has alpha -amylase activity and ic) each position 
corresponds to a position of the amino acid sequence of the 
parent Termsmyl -like alpha- amylase having: the amines acid. 
IS sequence of SEQ ID .MO : 4. 

In a preferred embodiment a. variant of tfee invention 
comprises at least one mutation in a posit ion corresponding to 
the following mutations in the amino acid sequence shown in SEC 
I'D NO: 4; 

to: yim,, AB.as: f mm+vsm, $4$l, tm±Gi&iK, . ^%$fvUK*$*$h*&tQfh, 

fWfQlZM, T49DeGI07A ? T43Y+G107A, T4 FS-vG107A, 
Xrm*QlQ7A, ?*9Z*GlQ7& t T4 9LH-A52S+GI0 7A, ' T4 3L+AS2T+GI07A, 
3M 0L-.-AS 2 F+ G2 07A . $49L*AS2L4m07A, T4 9L+A52X * S 1 0 7A , 

23 t4SL-i-A52V- f -GI07A; or 

T43V, T4 2I , T4 9D. 14 .9H , T49S , 74 9Y ; T4 9F, T4.-9K, T49E, 
T4 3Q, T49K, T43R, A52T,. &52L, &52X f A52V, A52M, A52F,. AS2Y, 
AS2VI, VSm, G1Q7V, G07I, GI07L, G.I. 072. 

In a preferred embodiment a variant or the invention 

30 comprises at least one mutation in a position corresponding to 
the following mutations in the amino acid sequence shown in SEQ 
ID DO; 4 ; 
>?13FhL, I,v, Y..A; 
G4 8A; S,T, I, L; 

:nv *43aD or *43aY {i,e. ., insertion of S or Y; ; 

T4 9X; 

*4 9aX (i.e., insertion of any amino acid residue) 
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S50X f in particular D , Y , L,T,v, E; 
Q~: IR. X; 

AS2X, in particular AS2S , So T f F ; L f 1 f ¥: 

5 ¥54 X, Ik particular v54I,ls^ ! I,F ! i i ; 
G57S,A,V,L, l,F,Y,T; 

G1G7X, in particular Gl 01 A , V, S , 7 , 1 , L , C ; 

GX08X, in particular Gl 08A, V f S f T, Z,.'-h; 

Alilv, X, 2; 
ip BIS BY. i 

MI97X, in particular Y, ?, L, I, T f A f G. 

In a preferred embodiment a variant of the invention 

comprises at least cue mutation in a position corresponding to 

the following -natations in one amino: acid sequence shown in 3EQ 
p ID NO; 4: 

-Ti'»^S2X*-VS4N/l/L/Y/F/W^<3iS?A, and may further comprise G108A. 

in a preferred; embodiment a variant; of the invention 
cotnpriees at least ©&« mutation in a position corresponding to 
the fallowing mutations in the ammo acid sequence shown in SHQ 
2.S IS mi 4 : 

I49L*C3107A; 

Y4SL*Gi07A^V54I; 

T49I*G1Q7A+V54I; 
SS A52 S ->V5 4X---T4 SLa-Gi 0 7 A ; 

AS2 S+ V54 X +T4 SL+G1 0 7 A ; 

A52S-i-T43L^Gi07A; 

AS:2T*T4 9h*G:107A:; 

AS 2 S a VS 4N-i-T4 3 1 -5-G1 0 7 A ; 
OS A52.8r7S4i*T4.9I+Gl07A; 

ASS'S +7491*01 07A ; 

T49L*G10SA; 

T4514-G10SA; 

T49L-rGI0SA^V54I; 
35 T43I-tG10SAeVS4I. 
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It may be preferred that a variant of the invention 
comprises one or more modif ieatigns in addition be those 
outlined above. Thus, it may be advantageous that one or more 
proline residues present in the part of the alpha- amylase 
% variant which is modified is/are replaced with a non-proline 
residue which ray be any of the possible, naturally occurring 
non -proline residues, and: which preferably is an alanine, 
glycine, serine, threonine, valine or leucine. 

Analogously, it may foe preferred that one or mors cysteine 

xc residues present among the amino acid residues with which the 
parent alpha -amylase is modified is/are replaced with a non- 
eysteins residue such as serine, alahi.Be, threonine, glycine, 
valine or leucine. 

Furthermore, a variant of the invention may - either as the 

l$ only modification or in cornhination with any of the above 
outlined modifications - be modified so that one or more Asp 
and/or Gin present in an amino acid fragment corresponding to 
the amino acid fragment 135-209 of BEQ ID NO, 4 is replaced toy 
an Asn and/or Gin, respectively. Also of Ihtsre&fc is the 

2:: replacement, in the Termamyl - 1 ike alpha- amylase, of one or more 
of the hys residues; present, in an amino acid fragment 
corresponding to the amino acid fragment 185-209 of BEQ ID M: 4 
by an Arg. 

It oil! foe understood than the present invention, encompasses 
;n: variants incorporating two or more of the above outlined 
modifications . 

Furthermore, it may be advantageous to introduce point- 
amtations: in any of the variants dascrifoed herein. 

3 s tft&ayjg toy, psepar^- ;&ipfia^.»n^las^ 

Several methods tor introducing mutations into genes are 
known in the art. After a hrief discussion of the cloning of 
alpha -amylase -encoding DMA sequences, methods for generating 
mutations at specific sites within the alpha- amylase-encoding 

3 S sequence will be discussed. 
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Cloning a Q H& B^menc^ &ne®&im .an algfeai-a^lase 

The Dfflk sequence encoding a parent alpha -amylase may be 
isolated from any cell or microorganism producing the utlp.ha.-~ 
amylase in question, using various methods well known in the 
s art. First, a genomic DHA. and/or cDHA library should be 
constructed using chromosomal DMA or messenger RMk from the 
organism that produces the alpha -amylase to be studied. Then, if 
the amino acid sequence of the alpha -amylase is knoon, 
homologous, labelled oligonucleotide probes may be synthesised 

x:o and used to identify alpha -amy less -■ encoding clones from a. 
genomic library prepared from the organism in question, alter- 
natively, a labelled oligonucleotide probe containing sequences 
homologous to a known alpha -amylase gene could be used as a 
probe to identify a lpha--a^las:e--' encoding clones, using. 

i» hybridisation and washing conditions: of lower stringency,: 

yet another method for identifying aipha-amyiaae- encoding 
clones would involve inserting fragments : gt genomic MA into an 
expression vector, such as a plasmid, transforming: alpha- 
atylsse-negative bacteria, with, the resulting genomic IMK 

20 library., and then plating the transformed bacteria, onto agar 
containing a substrate for alpha- amylase , thereby allowing 
clones expressing the alpha -amylase to be identified, 

Alternatively, the DM sequence encoding the enxyne may be 
prepared synthetically by established standard methods, e,g, f 

as the phosphoroamidite method described by S.L, Beaucage and M.H. 
Carethars (1S81) or the method described by Matthes et al , 
{1984} , In the phosphoroamidite method, oligonucleotides are 
synthesized, e.g., in an automatic tt'A synthesiser, purified, 
annealed, legated and cloned in appropriate vectors, 

is Finally, the DfA sequence may be of :r i red genomic and syn- 

thetic origin:, mixed synthetic and eOHA origin or mixed genomic 
and eDNA origin, prepared by legating fragments of synthetic, 
genomic or cDMt origin fas appropriate., the fragments 
corresponding to various parts of the entire DPA sequences, in 

IS accordance with standard techniques. The DKA sequence may also 
he prepared by polymerase chain reaction (PCR) using specif re 
primers, for instance as described in IM 4 , 633 , 202 or H . K . Saiki 
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st al, -19S8) . 

Si r s - d i rested mutagenesis 

Once an alpha -amylase -encoding DMA sequence has been 
s isolated, and desirable sites for mutation identified, mutations 
may foe introduced using synthetic Oligonucleotides. These oligo- 
nucleotides contain nucleotide sequences flanking the desired 
mutation, sites; mutant nucleotides are inserted during oligo- 
nucleotide synthesis, in a specific method, a single-stranded 

xo gap of », bridging the alpha- aclasis -encoding sequence, is 
created in a vector carrying the alpha -amylase gene. Then the 
synthetic nucleotide, bearing the desired mutation, is annealed 
to a homologous portion of the singlerBtranded The re- 

ma -or ng gap is then filled in with BM& polymerase I (Klenow 

is fragment} and the construct is li gated using T4 ligase, A 
specific example of this method is described in Morihaga ac al . 
(X9B4) . US 4., "60,025 disclose the introduction of oligonucleoti- 
des encoding multiple mutations by performing minor alterations 
of the cassette . However, an even greater variety of mutations 

oa can be introduced &t any one. time by the Morinaga method, 
because a multitude of oligonucleotides, of various lengths, can 
be introduced. 

Another method for introducing mutations into alpha- amylase •• 
encoding DHA sequences is described in Nelson and Long U93Sd . 

25 It involves the 3 -step generation of a PGR fragment containing 
the desired mutation introduced by using a chemically syn- 
thesized DMA strand as one of the primers in the PCR reactions. 
From the PGR -generated fragment, a DMA fragment carrying the 
mutatron may be isolated By cleavage with restriction 

so sndonncleases and reinserted into an expression plssmigh 

Random mutagenesis is suitably performed either as localised 
or region-specific random mutagenesis in at least three parts of 
rs the gene translating to the amino acid sequence shown in 
question, or within, the whole gene. 

The random mutagenesis of a DJ3A sequence encoding a patent 
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alpha -amylase may foe conveniently performed by use of any method 
known in t he art . 

In relation to trie above, a. further aspect of the present 
invention, relates to a method for generating a variant of a 
v parent alpha -amylase, e . g . wherein the variant exhibits a 
reduced capability of cleaving an oligo- saccharide substrate 
close to the branching point, and further exhibits improved 
substrate specificity and/or improved specific activity 
relative to the parent, the method; 
5.0 (a.) subjecting a DMA sequence encoding the parent alpha- 

amylase to random mutagenesis. 
Co) expressing the mutated DNA sequence obtained in step (a) 

in a host ceil, and 
is) screening for host cells stressing an alpha- amylase 
is variant which has an altered property (.i.e.,., thermal 

stability) relative to the parent alpha ••amylase . 
Step {&) of the above method or the invention is preferably 
performed using doped prirsgrs, For instance, the random 
mutagenesis may be per^brTaed by use of a suitable physical or 
st chemical out agonising agent, by use of a suitable 
oligonucleotide,-: or by subjecting the m& sequence to PGR 
generated mutagenesis. Furthermore,, the random mutagenesis may 
be performed by use of any combination of these mutagen! sing 
agents. The mutagenising agent may;, e.g.., be one., ^hish induces 
::s transitions,, trans vers ions, inversions, scrambling, deletions, 
and/or insertions. 

Examples of a physical or chemical mutagsnizing agent suitable 
for the present purpose include, ultraviolet (UV) ix -radiation, 
hydroxy! amine, N--methyi~N ! -nitm-N-nitrosoguanidine (MhNG) t 0 

k: methyl hydroxy 1 amine, nitroiis acid, ethyl methane suiphonacs 
(EMS), sodium bisulphite, formic acid, and nucleotide analogues. 
When such agents are used, t he taut a genesis is typically 
performed by incubating the sequence encoding the parent 

enzyme to be mutaysniced in the presence of the mutagenic ing 

n agent of choice under suitable conditions for trie mutagenesis to 
take place, and selecting for mutated DFA having the desired 
properties. When the mutagenesis is performed by the use of an 
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oligonucleotide, the oligonucleotide may be doped or spiked with 
the three non-parent nucleosides during the synthesis of the 
oligonucleotide at the posit ions , which are to he changed. The 
doping or spiking may be done so that eodons for unwanted amino 
5 acids are avoided. The doped or spiked oligonucleotide; can be 
incorporated into the EM encoding the alpha -amylase ebsyme by 
any published technique, using e,g w PCR, LCR or any DMA 
polymerase and I lease as deemed appropriate. Preferably, the 
doping is carried out using ^ constant random doping", in which 

10 the percentage of wild type and mutation in each position is 
predefined. Furthermore, the doping may be directed toward a 
preference for the introduction or certain nucleotides, and 
thereby a preference for the introduction of one or more 
specific amino acid residues. The doping may he made, e.g., so 

r* as to allow for the ijitrcduetiop of 90% wild type and 10% 
mutations in each position. An additional consideration in the 
choice of a doping scheme is based on genetic as well as 
protein -structural constraints. The doping scheme rnay be made 
by mim the POPS program, which, inter alia, ensures that 

.28 introduction pi stop cadpns is avoided. When PGR •-generated 
mutagenesis is uses, either a chetmically treated or non- treated 
gene encoding a parent nlpha-amyiase is subjected to PGR under 
conditions that increase the mis- incorporation of nucleotides 
(Deshlei 19S2? Leung eta!., Technique, Vol, I, 1983, pp. 1I--X5). 

:, A mutator strain o£ .£. coli (Fowler et a i . . ?toiee. Gen. facet . . 
133, 1374, pp. 179-191; , S, cereviseas cr any other microbial 
organism may be used for the random mat agenesis of the DM& 
encoding the alpha -amylase by, eng., t ransf arming a plasmid 
containing the parent glycosyiase info the mutator strain, 

ro growing the mutator strain with the plasmid and isolating the 
mutated plasmid from the mutator strain. The mutated plasmas 
may be subseguentiy transiormed info the expression organism. 
The DNA sequence to he mutagen! <sed may be ooureniently present 
in a genomic or CDMA: library prepared from an organism 

ts expressing the parent alpha- amylase . hiternatrvely, the DHA 
sequence may be present on a suitable vector such as a plasmid 
or a bacteriophage, which as such may be incubated with or 
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otherwise exposed to the mutagsnising agent . The DMA to he 
neat agonised may also be ptesent in a host cell either by being 
integrated in the genome -of said cell or by being present on a. 
vector harboured in the cell. Finally,: the UNA to be mutagen! zed 
s may be in isolated form. It will be understood that the DKft 
sequence to be sub j acted to random mutagenesis is preferably a 
eDMA or a genomic DMA sequence. In some cases it may be 
convenient to amplify the -nutated DM. sequence prior to 
performing the expression step b) or the screening step c) , Such 

so amplification may he performed in accordance with methods known 
in the art, the presently preferred method being; ?CR- gens rat so 
amplification using oligonucleotide primers prepared on the 
.basis of the DN&. or amino acid sequence of the parent enzyme. 
Subsequent to the incubation with or exposure to the 

:it rnutagehi sing Agent, the mutated » 1^ dxppesised by cuituring a 
suitable host cell carrying the DNA sequence: under conditions 
allowing expression to cake place. The host cell used for this 
purpose may be one which has been transformed with the mutated 
BHA sequence, optionally pr&sant on a vector, :or one which was 

*© carried the DNA sequence encoding the parent enzyme during the 
mutagenesis treatment. Examples of suitable host cells are the 
following; gram positive bacteria such as Bacillus gi&tUtis, 
Bacillus licheniformis, Bacillus lentus, Bacillus Previa, 
Bacillus a te&ro thextn&pht'l us , Bacillus a.Ikalophilus f Bacillus 

25 amylc-liquefaci ens, Bacillus coagulant', Bacillus circulars., 
.Bacillus la.ur.us, Bacillus megateriusp Ba.cil'lus thuringisnsis , 
Streptcmyces lividans br Stfeptomyces muxinus? and gram- negative 
bacteria such as A. coll. The mutated DNA sequence may further 
comprise a DNA sequence encoding functions permitting expression 

ss of the mutated DNA sequence. 



WO 



2S 



Localised random, ■mtaf^si^ 

The random mutagenesis may be advantageously localised to a part 
of the parent alpha -amylase in question . This may, e.g., be 
s advantageous when, certain regions of the enzyme have been, 
identified to be of particular importance for a given property 
of the enzyme, and when modified are expected to result in a 
variant having improved properties:. Such regions may normally be 
identified when the tertiary structure of the parent enzyme has 

to been elucidated and related to the function of the ensyme,. 

The localised, or region-specific, random mutagenesis: is 
conveniently performed by use of PGR generated mutagenesis 
techniques as described afcpve or any etbsr suitable cechniogae 
known in the art. Alternatively, the DNA sequence encoding the 

U part est the DNA sequence to be modified may be isolated, e , g . , 
by insertion into a suitable vector, aftd said part may be 
Bubsequenxiy subjected to mutagenesis by use of any of the 
mutagenesis methods discussed above . 

W Alte rnative, methods of p roviding alpha -amylase variants 

Alterative methods for providing variants of the invention 
include gene- shuffling method known in the art including the 
methods e.g., described in m 95/22625 (from Affyrosx 
Technologies and m 96/893*3 (frora Hove Mordisk Alt; , 

as 

Expression of aloha- aTs^kgejmrigitg 

According to the invention, a DMA sequence encoding the 
variant produced by methods described above, or by any alterna- 
tive methods known in the art, can be expressed, in ensyme form, 

15 using an expression vector which typically includes control 
sequences encoding a promoter, operator, ribosoms binding site, 
translation initiation signal, snob optionally, a repressor gene 
or various activator genes. 

The recombinant expression vector carrying the DNA sequence 

is encoding an alpha- amylase variant: of the invention may be any 
vector, which may conveniently be subjected to recombinant DNA 
procedures, arid the choice of vector will often depend on the 
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host cell into which it is to fee introduced. Thus, the vector 
may tea as autonomously replicating vector, i.e., a vector, which 
exists as an extra chromosomal entity, the replication of which 
is independent or chromosomal replication, e.g. s a p'lasmid, a 
•5 bacteriophage or an extraehromosomal element , ndniehromosome or 
an artificial chromosome.. Alternatively, the vector may be one 
which, when introduced into a test cell, is integrated into the 
host ceil genome and replicated together with the chromosome { s ) 
into which it has been integrated. 

10 In the vector, the DNA. sequence should be operabiy connected 

to a suitable promoter sequence. The promoter may be any TMh 
sequence, which shows transcriptional activity in the host cell 
of choice and may be derived from genes encoding proteins either 
homologous or heterologous to the host cell, Examples of 

is suitable promoters for directing the trans crip felon of the mk 
sequence encoding an alpha -amylase variant of the invention, 
especially in a bacterial host,,: are the promoter: of the lac 
operon of; M.cali, the Mtre^m&mycBs coal i color agarase gene d&gh 
promoters, the promoters of the Bacillus lichen itornixs- alpha- 

m amylase gene iamyL) , the promoters of the Smillm 
8t®a:mthexmpMlm maltogenic amylase gene (amyM) , the prompters 
of the B&cillns amyloliqu&faci ens alpha -amylase imyQ) , the 
promoters of the fined.;. or scbtilis xylA and xylB genes etc. For 
transcription in a fungal host, examples of useful promoters are 

as those derived from the gene encoding A. oryssae TAKA amylase, 
Jthizomncor miehei aspartic proteinase, A. niger neutral alpha- 
amylase, A. niger acid stable alpha- amylase , A. riger glu- 
eoamyiase, Rhizomucor mishsi lipase, A. cryzae alkaline 
protease., ib oryoae triose phosphate isomerase or A, nidulans 

is aestamidase. 

The expression vector of the invention may also comprise a 
suitable transcription terminator and, in eukaryoses, poly- 
adenyiaticn sequences operably connected to the DNA sequence 
encoding the alpha -amylase variant of the invention. Termination 

n and polyadenylation sequences may suitably be derived from the 
same sources as the promoter. 

The vector may further comprise a: DHA sequence enabling the 
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vector to replicate in the hose cell in question, Examples of 

?«eac ire pi j ihs si rsj lieat - ; Is j 

pACxCl?" t pUBHO, pB194 , ptm% and pIo7y2 , 

The vector may also comprise a selectable marker , e.g. , a 
s gene the product of which epinpismsnts a defect in the host ceil , 
such as the del genes from. suhcilis or B. liekeiiiformiSt or 
one which confers antibiotic resistance such, as ampiciliin, 
ksnamycin, chloramphenicol or tetracyclic resistance. Fur- 
thermore, the vector trsay comprise Aspergillus selection rrarkfers 

2:0 such as amdS, araB, niaB and sC, a marker giving rise to 
hygromyein resistance, or the selection may be accomplished by 
co- transformation, e.g., as described in SO SI/17243, 

while intracellular expression may be advantageous in some 
respects, &<g< > when using certain bacteria as host cells,, it is 

3.5 generally preferred that: the expression is extracellular. In 
general., the Bad Hub alpha -aclases mentioned herein eomprise a 
pre" region permitting secretion of the expressed protease into 
the culture medium, if desirable, this pre-region may foe 
replaced by a different preregion or signal sequence, cotyeni- 

m early accomplished ihy s-ubstitution of the DMA sequences eacoding 
the respective preregions . 

the procedures used to iigate the DMA construct of the 
invention encoding an alpha- amylase variant, the prompter.* 
terminator and other elements, respectively, and to insert them 

as into suitable vectors containing the information necessary for 
replication., are well known to persons skilled in the art (cf,, 
cor instance, Ssmbrook et si< , molecular Cloning- A Laboratory 
Manual, 2nd Ed. , Cold Spring harbor, 19S9; . 

The ceil of the invention,: either Comprising a UNA construct 

30 or at expression vector of the invention as defined above, is 
advantageously used as. a host cell in the recombinant production 
of an alpha -amy lace variant of the invention. The cell may be 
transformed with the :DM& construct of the invention encoding the 
variant, conveniently by integrating the Dip A construct (in one 

30 or more copies) in the host chromosome. This integration is 
generally considered to be an advantage as the DNA sequence is 
more likely to be stably maintained In the cell. Integration cf 
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the DMA constructs into fas host chromosome may be performed 
according to conventional methods, eng.., by homologous or 
heterologous recombination-: Alternatively., the cell may be 
trans-formed with an ssiprsssion vector as described above in 
connection with the different types of host cells. 

The cell of the invention insy be a cell of a higher organ ism 
such as a mammal or an insect, but is preferably a microbial 
ceil, e.g., a bacterial or a fungal (including yeast) ceil. 

Sxatmd.es of suitable bacteria are gram-positive bacteria 
such as Bacillus subtilis, Bacillus lichmilormis, Bacillus 
lentus, Bacillus brevis. Bacillus s te&tmh&msap&i.l us , Sacillus 
mlkAlopMZm* Bacillus amyl oiiquefzci ens , Bacillus coaqolans, 
Bacillus circulans, Bacillus lautus, Bacillus megaterium, Ba- 
cillus thuringiensis, or Str^pfm^-em lividans or Streptamyves 
marinas:., or gr&mnegative bacteria such as E,coIi. The era us - 
formation of the bacteria may, for instance, be effected by 
protoplast transformation or by using competent cells: in a 
manner known per se. 

The yeast organism stay .favourably be selected from a : species 
of Smch^rsi^yc0&: or Schizqsmglmrcwyms? e.g., S&cchi&ramyees 
cerevisiae. The filamentous fungus may advantageously belong to 
a species of ^spergillns, e.g., Aspergillus aryzas or Asporgii - 
Its nigpiu Fungal cells may be transformed by a process involv- 
ing protoplast formation and transformation of th& protoplasts 
followed by regeneration of the cell wall in a manner known poi- 
se. A suitable procedure for trans format ion of Aspergillus host 
ceils is described in BP 2.38 023. 

In yet a further aspect, the. present invention relates to a 
method of producing an alpha- amylase variant of the invention, 
which method comprises cultivating a host cell as described 
above under conditions, conducive to the production of the 
variant and recovering the variant from the cells and/or culture 
medium. 

The medium used to cultivate the ceils may be any conven- 
tional medium suitable for growing the host ceil in question and 
obtaining expression of the alpha-amyiase variant of the invent- 
ion. Suitable media are available from commercial suppliers or 



WO 



29 

may be prepared according to published recipes (e.g., as 
described in catalogues- of the American Type Culture Col- 
lection) . 

The alpha- amylase variant secreted from the boat ceils may 
5 conveniently be recovered from: the culture medium by well -known 
procedures, including separating the cells from the medium by 
ceutrifugaiion or filtration, and precipitating proteinaceous 
components of the medium by means of a salt such as ammonium 
sulphate, followed fay the use of chromatographic procedures such 
■:p as ion exchange chromatography, affinity chromatography , or the 
like. 

Industrial applications 

The alpha -amylase variants of this invention possess 
ss: valuable: properties allowing for a variety of industrial 
applications- In particular, ensyte variants of the invention 
are applicable as a component in washing > dishwashing and hard 
surface cleaning detergent scmposltions . ^snsrous variants are 
particularly useful in the production of sweeteners and ethanol, 
e,.g,, fuel, drinking or industrial efchanoi, from starch, and; or 
for textile desiring. Conditions: for conventional starch- 
conversion processes, including starch liquefaction and/or 
saccharlf ication processes, are described in, e.g., US 3,512,590 
and in BP patent publications Nos . 252 7.30 and S3 SOS. 

grpfefci qa Q£ mtfsm*mrs il^n starch ; 

A "traditional" process for conversion of starch to fructose 
syrups normally consists of three consecutive enoymatic 
processes, vis, a liquefaction process followed by a saechari - 
50 float ion process and an isomsrtsasion process. During the 
liquefaction process, starch is degraded to dextrins by an 
alcha-arm/lase ( e , Termamvi 1 "} at oH values between 5.S and 6,2 



In order to ensure optimal euyyme stability under these condi- 
tions, i mM of calcium is added 140 ppm free calcium Ions) , 

After the liguef action process the dextrine are converted 
into dextrose by addition Of a ylccoamyiase (e.g., &MG ! *h and a 
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debranching enzyme, such as an isoamylase or a pulluianasa 
{e.g. , Promozyias™) . Before this step the pH is? reduced to a 
value below 4 .$, maintaining the high • -fceKperatur® (above 9S 8 C) , 
and the liquefying alpha -amylase activity is denatured. The tern- 
s' perature is lowered to 60*0, and glucoamylase and debranchlng 
snssyme are added. The saechari fi cat ion process proceeds for 
24-72 hours. 

After the saccharif ieation process the pH is increased to a 
value in the range of S~8, preferably pH 7.5 > and the calcium is 

15 retaoved by ion exchange. The dextrose syrup is then converted 
into high fructose syrup using, e.g., an immmobi iissed gluco- 
setis-omerasa (such as Sweecsyme'c? < 

At least one enzymatic improvement of this process could bs 
envisaged : Reduction of the calcium dependency of the 

it liguafylsg alpha- amylase . Addition of free calcium is required 
to ensure adequately high stability of the alpha •- amylase, but 
free calcium strongly inhibits the activity of the 
glucose isomsrase and needs to be removed, by tneans ox an 
expensive unit operation, to an extent, which reduces the level 

n ot free calcium to below 3-5 ppm, Cost savings could be obtained 
If such an operation could be avoided: and. the 11 gas fact Ion 
process could be: performed -without- addition of free calcium 
ions . 

To achieve chat , a less calcium^ dependent Tarmanpd -- 1 ike 
is alpha-amyiase which is stable and highly active at low 
concentrations of free calcium {< 40 ppm) is required. Such a 
Terccicyi-- like alpha amylase should have a pH optimum at a pH in 
the range of 4,5-6.5, preferably in the range of 4.5-5,5. 

The invention also relates, to a composition comprising a 
c; mixture of one or more variants of the invention derived from 
(as the parent Tsrmsmyi-iike alpha -amylase) the B. 
Qtearothermaphilus alpha "amylase having the sequence shown In 
SEQ IT Ml; 8 and a Tarmawl-like 'aipba - amylase derived free the 
B, itctec; forces alpha -amylase haying the sequence shown in SEQ 
S'S ID MO: 4. 

Further, the invention also relates to a composition 
comprising a mixture of one of more variants according the 
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invention derived, fross {as the parent Termamy 1 - 1 ike alpha- 
asnyiase} the B. s t ea.ro thertaophx 2us alpha -amylase having the 
sequence shown in SEQ ID HG; 8 and a hybrid alpha -amylase 
comprising a part of the B< am^LoliquBfacienB alpha - amylase 
s shown in SEQ ID bO ; S and a pare, of the S, licheniformis. alpha - 
any lasts shown in SEQ ID HO; 4. The latter mentioned hybrid 
Tar ma my I -like alpha •■amylase comprises the 445 C-termin&l amino 
acid residues of the B. 1 icheniformis alpha -amylase shown in SEQ 
ID NO; 4 and the 3? N- terminal amino acid residues of the alpha- 

io amylase derived from §, arsyloliqaefaci&nB shown in SEQ ID NO; 5. 
'Said letter mentioned hybrid alpha-amylase may suitably comprise 
the following mutations; H:i56Y-fAlSlT*Ni90F^2:0$V'*-Q2 : 84S (using 
the numbering in SEQ ID NO; 4} Preferably, said latter mentioned 
hybrid alpha- amylase may suitably comprise the following 

<S mutations; HI 56 Y *A 1 8 1 T+Ni $$F*A2:8.»V*Q2M$* 2 2 OIF (using the SFQ 
ID NO : 4 numbering}. In the examples below said last -ment ioned 
parent hybrid Tetmamyl - 1 ike • aig^a-atnylas© referred to as ;DE429 
(shown in SEQ ID NO ; 2} is used for preparing variants of the 
indention, which variants xaay be used in oppositions of the 
invention- 

An alpha -amylase variant of the invention or a composition 
of the invention may in an aspect of trie invention be used for 
starch Liquefaction, in detergent compos r t v. or. : such as laundry, 
dish wash eomposit ions and: hard surface cleaning, ethanol 
2=: production, such as fuel, drinking and industrial ethanol 
production, desising of textile, fabric end garments.. 

MATERIALS AMD METHODS 

Srurpyes : 

:>o LEI74? hybrid alpha -amylase variant; 

LEI 14 is a hybrid Texman-yl -like alpha -amylase being identical 
to the Termamyl sequence, :l . e . , the Parr; 1 1 .l.icheniformis 
alpha -amylase shown in SEQ ID KG: 4, except that the H- 
terminai 35 amino acid residues (of the mature protein) has 

is been replaced by tne U~ terminal 33 residues of BAN (mature 
protein), i.e.,, the Bacillus : mxB?Xa£i.que£a.ciens alpha -amylase 
shown in ESQ ID DQ i €, which, further have following mutations: 
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H156Y+A181T+N19GF+A209V*Q2*«$ CSEQ: 113 NO; 4} , 
LE429 hybrid alpha -amylase variant: 

LE42 9 is a hybrid Terisamyl - like alpha -amylase being identical 
s co the Tsrmamyi sequence, i.e. , the Bacillus licheniformis 
alpha -amylase shown in S33Q ID MGr 4, except that, the N- 
terminal 35 amino acid residues (of the mature protein) has 
been replaced by the N- terminal 33 residues of BAN (mature 
protein), i.e., the Bacillus mmyloliquefaciens alpha- amylase 
X9 shown in SEQ ID HO; 6, which further nave following mutations: 
HI 5 6 Al 8 1 T+Nl 9 0 F+ A2 0 9 V+Q2 €4S-fI20$F' {SEQ ID NO: 4). LE429 is 
shewn as SEQ lb NO; 2 and was constructed by SOI • ICR {Higuehi 
et al . 1988, Nucleic Acids Research IS ; 7351} . 

Dextrosysme* H: a balanced mixture of giusoamyiass ( AMQ) and 
is pullulanase obtainable from selected strains of Aspergillus 
nig&r and Bacillus, deramlficms (availa&le from Novo N0rdl.sk 
A/S; 

Per mentat ion a nd pur i £ i cat ion of„ alpha emvl : a^ji^ian^ 
sis A B. .mbtilis strain harbouring the relevant expression 

plasmid is streaked on an LB- agar plate with 10 micro g/mi 
ban amy c in from ~8crc stock, and grown overnight at 37*C. 
The colonies are transferred to 100 ml BPX media supplemented 
with 10 micro g/mi banamycin i n a 500 mi shaking flask, 
as Composition of S?X medium; 



The culture is shaken at 3 7*0 at 270 rpm for 5 days. 
Cells and cell debris are removed from the ferment atlon 
broth by centra fugat ion at 4500 rpm in 20-25 minutes. Afterwards 
the supernatant is filtered to obtain a completely clear 



Sodium caseinate 
Soy Bean Meal 
Ca HPO, : 12 H/> 
Pluronie™ 



Potato starch 



Barley flour 
BAN 50 0 0 5KB 



100 g/1 

so g/i 

0.1 g/i 

10 g/1. 

2 0 g/i 

9 g/1 

oa g/l 
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so.lur.ion. The filtrate is concentrated and washed on an UF- 
filter { 10:08.0 cut off membrane) and the buffer is changed to 
20xm Acetate pH 5.5. The UF- filtrate is applied on a S-sepharose 
F,P. and elation is carried oat by step eiution wit h 0<2h KaCl 
s in che same buffer. The elnate is dialysed against XOa-M Tris, pH 
9,0 and applied on a Q-sepharose F.F. and elated with a linear 
gradient from 0-Q.3M KaDi over 6 column volumes. The fractions 
that contain the activity (measured by the Phadebaa assay) are 
ponied, pH was adjusted to pH 7.S and remaining color was 
n removed by a treatment with .0.5% W/voI . active coal in 5 
minutes. 



:&cs 1 y i t h . . g e be mrdnat ion ~ {KKU'j 

One Kilo alpha- amylase Unit H KMIP is the amount of enryme 
is which breaks' down 5.26 g starch {Merck, Amy 1 urn Soiubile:, Btog. % 
Batch 99472755 per hour in Movo Sterdisk' s standard method for 
determination of a lpha~ amylase based upon the following 
condition; 

Substrate soluble starch, 

he Calcium: content, in solvent 0.0CH3 M 

Re ac t ion t ime 7-20 mi tm t a s 

Temperature 3"'-;: 

pH 5.6 

Detailed description of Move ^ordisk's analytical method £A.F 
::• 9) is available on request. 



Assay for Alpha-Amyiase Activity 

Alpha -Amylase activity is determined by a .method employing 
Phadefcae* tablets as substrate. Phadebaa tablets (Phadsbas*' 
:n Amylase Test, supplied hy Pharmacia Diagnostic) contain a cross- 
linked insoluble bin© -coloured., starch polymer, which has bean 
mixed with bovine serum albumin., and a buffer substance and 
tablet ted. 

For every sirsqle measurement one tablet is suspended in a 
is tuba containing 5 ml 50 mM Sri tton- Robinson, buffer (SO mh acetic 
acid, 50 mM phosphoric acid, S.0 : m boric acid, 0.1 mM Caul;:, pH 
adjusted to the value of interest with MaOK) , The test is 



wo mims» 



34 

performed in a water bath at the tessera cure of interest, the 
alpha- amylase to be tested is diluted In x nil of SO Mi Britten- 
Eobinson buffer, 1 ml of this sipha-amyiase solution is added to 
the S ml 50 mM Brit torn- Robinson buffer. The starch is hydro! ysed 
s by the alpha -amylase giving soluble blue fragments. The 
absorbance of the resulting blue solution, measured 
spactropbotomesxicaily at 620 nm, is a function of the alpha ~ 
arylase activity. 

It is important that the measured 620 nm absorbance after 10 

x.e cr IS minutes of incubation Chesting time) is in the range of 
0,2 to 2,0 absorbance units at 620 nm. In this absorbance range- 
there is linearity between activity an4 absorbance {Lambert -Beer 
law-) . The dilution of tns enzyme must therefore be adjusted to 
fit this criterion. Under a specified set of conditions (temp.,: 

is-: pH, reaction time, buffer conditions) 2 mg of a given alpha- 
amylase will hydroiyse a certain amount of substrate and a blue 
colour will be produced.. The colour intensity: is measured at 620 
luru The measured absprhaace is directly proportional to the 
specific activity (activity/mo; of pure alpha -amylase protein] of 

so the- alpha -amylase in question under the given set of conditions. 

Defcsrsnining Specific Activity 

The specific activity is determined using the Phadefoas 
assay (Pharmacia; as aetivity/tng enzyme. 

:u; 

Me asuring the pH activity profile (pH stability; 
The variant is stored in 20 mM THIS ph 7,5, U. I xm, CaCl- 
and tested at 3p*C f 60 mM Brixton- Robinson , 0,1 mK Call - . The 
pH activity .is measured at pH 4 10, 4.5, 5,0, 5.5, 6.0, 7.0, 
tp §10., S.S, 9.5, 101 and 1 0 . S . using the Phadebas assay 
described above. 

Determination Of AGO Activity and As AGU/s»g 

Gne Hove Amylogiucosidase Unit (mm is, defined as the 
ss amount of eneyms. which hydrolycee 1 mieromole maltose per 
minute at 3? :, C and pH 413. & detailed description of the 
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analytical method (AKL-SiM - 0131 } is? available on request from 
Novo Nordisk. 

The activity is determined as ASuVmX by a method modified 
after {AEL -SM- 0 131 } using the Glucose GOD- Peri d kit from 
5 Boehringer Mannheim, I2403-S. Standard: AHG- standard, batch ?--- 
1195, 195 AGO. /ml , 

3 75 rfiicrc-L substrate (1% maltose in 50 vM Sodium acetate ■* 
pH 4.3} is incubated 5 minutes at 37*0. 25 microL snsryme 
diluted in sodium acetate is added. The reaction is stopped 

is after 10 minutes by adding 100 micro!. 0.25 M K-aOH. 20 microL 
is transferred to a §6 well microtitre plate and 200 microL 
GOD-Perid solution is added. After 30 minutes at room 
tecpe nature, the absorhanee is measured at €50 nm and the 
activity calculated in AGU/rni from the &J4G- standard. 

is The specific activity in AGtJ/mg is then calculated from the 

activity (AGU/mX} divided with the protein: c accent rac ion 
(mo/ail} .. 

EXAMPLES 



EXAMPLE I 

Construction of TermaKsyl variants in accordance with, the 
invention 

Tsrmamyi (P. liah&nifoFmxB alpha ^amylase SKQ ID NO; 4) is 
is expressed in B, subtilis from a plasmid denoted pDNXS28 . This 
plssmid contains the complete gene encoding Termamy.1, empt, the 
expression of which is directed by its own promoter, Further, 
the piasTtsid contains; the origin of replication, cri , from 
plasmad pUSlXO and the cat gene from piasmid pC194 conferring 
ro resistance towards chloramphenicol, pDN152 8 is shown in Fig. 9 
of $Q 36/23874 , A specific mutagenesis vector containing 

a mayor part of the coding region ox SSQ ID PO : 3 was prepared. 
The important features of this: vector., denoted pJaEM.l , include 
an origin, of replication: derived from the pUP plasmids, the oat 
It gene conferring resistance towards chloramphenicol , and a 
frameshif t --containing version of the bio gene, the wild type of 
which normally confers res 3 stance towards ampieiXiln (scep s 
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phenptyps) . This mutated version results in m amp* phenotype. 
The plmxaxd pJeSm. is shown in Fig. 10 of WO 95/23074,. and the 
Ed soli origin of replication, ori , bl a , cat, the 5 ' - truncated 
version of the TermaRvyi amylase gene , and selected restriction 
s sites are indicated on the piasmid. 

Natations are introduced in asttyL by the method described by 
Deng and Pickoloff (1&32, Axial. Btocnsm. 200, pp. 81- S3) except 
chat plssmids with the "selection primer" (primer #6616; see 
below} incorporated are selected based on the anp* phenotype of 

s-C transformed B . eoli cello harboring a plasms with a repaired 
bla gene, instead of employing the selection by restriction 
easy re digestion outlined by Deng and Pickolocf. Che?iucal,s and 
ebsymes used for the mutagenesis were obtained from the 
CirreeXeonO mutagenesis kit from Strstad^ne (catalogue number 

3S 200509) .. 

after verification of the DNA sequsnee in variant 
plasrdds, the truncated fens,, eontalning the desired alteration,, 
is subcloned into pDNi.528 as a PstX-MccMX fragment and 
transformed into the: protease- and: amylase depleted Bacillus 
ss sulci lis strain SHA273 (described in W092/ 11357 and «03S/lCGd<; 
in order to ;expi'ess rhe variant, ensryrce. 

The Ter~ta~m/I variant, was constructed by the use of 

the following mutagenesis primer {written 5' to 3* , left to 
right! : 

35 EG GTC did GQG ACC GTA GCC CCA PTC COG '! T-7 (SEC: ID GO: S) 

The Ter^atm/l variant AS2W * was coos trusted by the 

use of the following mutagenesis primer (written 5* to 3 ' , left 
to right} : 

PC QTC GTA GGC ACC GTA GCC CCA: ATG CCA TTG OCT CG (SEQ ID MO : 
30 KG 

Primer #6616' (written 5' to 3 ' , left to right; P denotes a S> 
phosphate) ; 

? CTG TGA CTG GTC ACT ACT CAA CCA ACT C (SEQ ID GO; 11} 

The TermaimG. variant VS.4E was constructed by the use of 
35 the following mutagenesis primer (written 5* -3d left to 
right; •. 

PGG TCG TAG GCA GCG TAG CGC TCA TCC OCT TG (SEQ ID HO: 12) 
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The Termasiyl variant VS4M was constructed by the uss of 
pim following metagenesis primer (written S ? AA f left to 
right) ; 

PGG TCG TAG GCA CCG TAG CCC ATA TCC OCT TG (SEQ ID NO; 13) 
s The Tertaamyl variant ¥541 was constructed by the use of 

the following metagenesis primer (written S'~3-'A left to 
right) ; 

PGG TCG mO GCA CCG TAG CCA ATA TCC GCT TG { SEQ ID NQ-j 14) 

The Termaavyl variants Y2S0B and Y290K were constructed by 
:-a the use of the following mutagenesis primer (written 5' ~V , 
left to right) : 

FGC AGC ATG QP& CTG CTY ATG AAG AGC CAC GTC AAA C (SEQ ID 
NOALS; 

Y represents an eqnal mixture of C and T. The presence of a 
Pi: cpdon encoding either Giatamate or Lysine in position. 390 waa 
verified by DN& sequencing. 

The Tersrsamvl variant 351 3 OF was: constructed by the use of 
the following mutagenesis primer (written 5' - 3 ' , lef t to 
right) i 

iia PCA TAG TTG CCG AAT TCA TTG GAA ACT TCC C (SEQ ID MO ; 16). 

The Tertaamyl variant was constructed by the 

use of the foi lowing mutagenesis primer (written S'~3' f left 
to right: } ; 

PC3V TAG TTG CCG CAT TCA GGG GAA ACT TCC CPA TC (SEQ ID MO; 17) 
25 The Termamyi variant K140K*H142D was constructed by the 

use of the following mutagenesis primer (written 5'" AX', left 
to right) : 

FCC GCG CCC CGG GAA ATC AAA TTT TGT CCA TCC TTT AAT TAG I SEQ 
ID NO: IB) 

it The Coroanyl variant HISST was constructed by the use of 

the following mut agenesis primer (written S'-3% left to 
right) : 

PC A AAA. TGG TAG CAA TAC CAC TTA AAA TCG CTG (SEQ ID NO: 1%) 

The Tertnamyl variant Al BIT was constructed by the use of 
3s the following mutagenesis primer (written 5'' -3', left to 
right) : 

PCI TCC CAC TCC GAA GTC TTG C CT TGA AAC (SEQ ID MO ; 20) 



WO »'&5«S9 



38 

The T&mmyl variant A209V was constructed by the use of 
the foliowins mutagenesis primer {written 5' 3', left to 
right) ; 

PC IT AAT TT.C TGC TAC GAC GTC AOS ATG GTC ATA ATC {SEQ ID MO ; 

S 21) 

The Termamyl variant Q264S was constructed by the use of 
the following mutagenesis primer (written 5' -3', left to 
right) s 

PCG CCC AAG TCA 7TC GAC: CAG TAC TCA OCT ACC GTA AAC (SEQ 
10 ID HO; 22} 

The Termamyl variant S187D was constructed by the use of 
che following mutagenesis primer {written S'-3'b left to 

right} ■ 

PGC CGT TTT CAT TGT CGA CTT CCC AAT CCC ( SEQ ID HO; 23} 
;is The Termasvyl variant DELTA C K3 7G -G3 7 1 -D3 72 ) (i.e., deleted 

of amino acid residues nos. 370, 371 and 372} was oone.truct.ed 
by the use of the following .r^fcagen.esi^cb:rlmer {written 5'-3 f , 
left; to right) : 

PSS AAT TTC GCG CTG ACT AGT CCC GTA CAT ATC CCC {SEQ ID MO; 
so 24} 

The Termamyi variant DELTA (.0372 - S3 7 3 -Q374 j was 
constructed by the use of the following mutagenesis primer 
{written. 5' -3' „ left to right} c 

PGO CAG GAA TTT CCC GAC CTT TOG TGC CGT ACA TAT C (SEQ ID VP ; 

m 25) 

The Termamyi variants A181T and A20SA? were combined to 
Ai8!T*A20W by digesting the A1S1T containing pDKl.B-28 --.like 
plssmid (i.e v , pDN!S28 containing within amyV the mutation 
resulting in the A181T alteration; and the A20$V--eontaining 

i* pDHlSCS-iike plasmid (i.e., pDHIS28 oontaining within any I the 
mutation resulting in the A2d9¥ alteration) with restriction 
eneyme QMi which cuts the pDKE. 528-1 ike plasmids twice 
resulting in a fragment of TITS bp and the vector -part {i>e. 
contains the plasmid origin of replication! of 3SS0 bp. The 

:u fragment containing the A20SV mutation and the vector pert 
containing the AlSlT mutation were purified by QIAguick gel 
extraction kit (purchased iiros QIAGEH after separation on an 
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agarose gel- The fragment and the vector were iigated and 
transformed into the protease and amylase depleted Bacillus 
suhtllis strain referred: to above, Plasmid from &my* (clearing 
zones on starch containing agar-plates ? and chloramphenicol 
5 resistant trarsf ormants were: analysed for the presence of both 
mutations cn. the plasmicu 

In a similar way as described above, H156Y and A209V were 
combined utilising restriction endoauclea.ses AccSSI and BcoRI , 
giving HI S S Y + A2 0 9 V . 
ip H1SSY +A2G9V and A181T+A209V were combined into KISSY* 

A181Ti-A2Q9V by the use of restriction sndonacleases AccSSI and 
Hindi! I , 

The 35 A-terminal residues of the mature pare of Termamyl 
variant H15S1* A181T+-A209V were substituted by the 33 M- 
3..S terminal residues of the B:. mr^2tilique£aei&n& alpha" amylase 
(SBQ I'D NO: 4} (which in the present content is termed BAN) by 
a SOB-PCR approach GUguchi et &X , 1988, Nucleic Acids 
Research 16 : ?3S1} as follows; 

Primer 19364 (sequsbOe g;'~3>)s OCT CAT TCT OCA GCA CCA @CC GTA 
C3 ART GGC ACQ Cm {SEQ ID HO s 26) 

Primer 1,93 £2: CCA GAC GGC ACT SAT ACC GAT ATC CGA TAA A7G GTC 
CG <SEQ ID NO : 2 7} 

Primer 19363: CGG ATA ICQ GTA TTA CTG CCG TCT GGA TIC (SEQ i!5 
NO i 2 8} 

2s Primer ICt CTG GTC CCA ATC C-GT TCC GTC (SEQ ID NO ; 2 9} 

A standard PGR, polymerase chain reaction, was carried 
out using the Pwo- thermostable polymerase from. Boshringer 
Mannheim according to the manufacturer ' s instructions and the 
temperature cyclase 5 minutes, at 94*0, 25 cycles cf {94*C for 

n 30 seconds, 50"C for 45 seconds.; RRhC for 1 minute) , 7CM for 
10 minutes, 

Au approximately 13 G. bp fragment was amplified in a first 
PGR denoted PCRl with primers 1 93 64 and 29362 on a DIOR 
fragment containing the gene encoding the 8. axnyl ol iquetf&ciem 
:n alpha -amylase , 

An approximately 400 bp fragment was amplified in another 
RCR denoted PCR2 with, primers 193 63 and 1C on template 



pDN152S . 

PCRi and F0R2 were purified: ix<m an agarose gel and used 
as templates in FCR3 with primers 19364 and IC, which resulted 
In a fragment of approximately 520 bp. This fragment thus 
s contains one part of Dm encoding the N- terminus iron BAM 
fused to a part of DMA encoding Terrtamyi from the 3 5th amino 
acid. 

The 520 bp fragment was subclone^ into a pDNiS28 -like 
piaanid (containing the gene encoding Tsrmatnyl variant K15SY4 

io A18iT*&209V) by digestion with restriction endonueieases PstI 
and S&cl 1 , ligation and oransformation cf the B. subtilis 
strain as previously described. The DMA sequence between 
restriction sites PstI and dacll was verified by >p*J$ 
.sequencing in extracted plssmids from asay* and chloramphenicol; 

is resistant transf. ormants . 

The final construct containing the correct N-tartunus 
from BAN and B1.SSY + A183.M20SV was denoted H156Y* 
A181T>A209¥ : , 

N130P was combined with BAHU-35)* R.5.5SY+ A181T+A2G9V 
m giving BAFil-35? * H156Y+ A181T+N19GF-A209V by carrying out 

matagaxissis as described assve except that the sequence of. 

myti in pseENX was substituted by the D» sequence encoding 

Termamyl variant M{t-Mh* H156Y+ A181T*A209V 

Q2S4S was confined with BAN ( I> 35 ) + H158Y* A181T-rA2S9¥ 
;s:3 giving BAN . 1 - 3 2 m H156Y+ A181T+A203V, Q264S by carrying out 

rant agenesis as described above except that the sequence; of 

arrsyL in pjeE® was substituted by the the DHA sequence encoding 

'fermamyi variant BAN (1-35} -;- Hi bay-; AISIT-S-A2G9V 

BAN (1-355 * HI 56 V* AXS1T+&2G9V*Q2€4S and 3AHU--35W H156Y+ 
m Al8iT-j-H190FrA209V were combined into BA^{i~3S4-f ill 3 Gin 

AlSlTt:Nia0F-i-A209y4-Q264S utilising restriction endonucleases 

BsaHl (Bs&Kl site was introduced close to the A2D9V mbtation) 

and PstI . 

12 GIF was combined with BAN ( 1 -35} ■*■ Hi 56V* 

is A181T*P19QPtA209v*Q26^S giving BAN {1-35} 4 K158Y4- 

A.181T *-Nl 9 0 F * A2 0 9V*Q2 $ 4'S+I2S IF (SEQ IB NO; 2 5 by carrying sot 
mutagenesis as described above. The mutagenesis primer AKIOO 
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was used, introduced, the 1201 F substitution and removed 
simultaneously a Cls 1 reafcriction site., which facilitates 
easy pirn-pointing of jnutasltSi 

s primer AM100; 

s f &s<nhms^cmmTfmQkcc- .3 * cseq id m* so 

EXAMPLE 2 

Con st ruct ion oi Terifiastivi^Xiice alpha ~ <3l8xv!1 as a var i an t. s v?i. t n an 
n altered cleavage patfcern according to the invention 

The variant of the thermostable S« I i cfaani formis- alpha- 
amylase consisting comprising the 445 {"-terminal amino acid 
residues of the B, Hehenxiormis alpha ■■amylase shown in SSQ W: 
NO.;. 4 and the 3? 8 - terminal amino acid residues of the alpha- 
is amylase derived from B, amylol iquefstciens shown in SSQ IX) NO: 
Sh and further comprising the following mutations:: 
HI 55 Y-kA X S 1T+N 1 ?j?F*^0W+q3^S:+?2&IF {the construction of this 
variant is described in E^asspie 1, and the; amino acid sequence 
shown in SEQ ID HOt 2} has a reduced capability of cleaving an 
20 substrate close to rhe branching; point . 

In an attempt to further improve the reduced capability 
of cleaving an subetrate close to the branching point of. said 
alpha- amylase variant site directed mutagenesis was carried 
out using the Mega-primer method as described by Earkar and 
;o Summer, 15590 iBioTechmuques * ; 4:04 -407} > 

Sdhsttuctlon of LB313; BAN/Termamyl hybrid ■> 

Gene specific primer 27274 and mutagenic primer AH115 are 
K: used to amplify by PCP an approximately 440 bp vm fragment 
from a pDhX528- like plasmid (harbouring the ^?(X- 
3.5:)*B15€^*Al-8l^Nl-»0:F.*'-:ia-01 : F*A2Q9^*Q2«4S mutations in the gene 
encoding the amylase from SEO Ih HO; 4} . 

The 44 0 bp fragment is purified, from an agarose gel and used 
-h as a Mega -primer together with primer 113711 in a second PTE 
carried out on the same template. 

The resulting approximately 630 bp fragment is digested 
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with restriction mizynms EcoK ¥ and AeebS I and the resulting 
approximately 370: bp X3NA fragment is purified and iigated. with 
the pUBlSZB ~lik& pXas;aid digested with the same enzymes. 
Competent Bacillus subtilis SHA273 {amylase and protease low) 
5 calls are transformed with the: ligation and Chlorampenicol 
resistant trans torments are: checked by DMA sequencing to 
verify the presence of the correct imitations on the plasmid. 

Primer 27274 r 

i0 57 CATACTTGCCGAATTCATTGGAAACTTCCC 3' (SHQ ID NO: .315 
Primer IB; 

S> CCGATTGCTGAGGC7GTTATTTGC 3' (GEO ID NO- 32) 
i.s primer AMI IS ; 

5- QQmh&mmTpLhcm^MiQmm 3* ism is hp- 335 

Construction of M3i4; BM/Termamyl hybrid + 
KI5SY-t-AI8rr-}-KiS0F^ A203V+Q2S4S * AS2S is carried our in a 
•2-e. similar way,, except that mutagmic: prirrsar AMI! 6 is used. 

AMI 16. s 

.3' GAACGAGCCAATCGGAGGTGGSCTA^GG 3* ;SSQ ID NO ; 34} 

is Construct i on of LEB.I ; B&R/Termamyl hybrid a 

H136Y+&i8iT+NI9CF+ A209VaQ2643 a AS2S-.V54M its carried our in a 
similar way, except that mutagenic primer AMX17 is used, 

AMI 1 7 ; 

,•: 1 ' GGAnCGahGCCAATCGGAyA&GGGCTACGGTGC 3' (SSQ ID NO; 35) 

Construction of LE3 .i 6 : EAsS/Termamyl hybrid a 

HI S'OF* h209\UQ20S * T43L is carried our an a 

Similar way, except that mutagenic primer AM1X3; is: used, 

is 

AMI 13c 

5' GCATATaAGGGACTGAGCCAAGCGG. 3' (SSQ ID NO; 36} 
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Construction LE317: BAI4/Terma;syl hybrid 4 HIS5Y+A181T+NISGH : + 
A2 0.9V4.Q2S4S ~ T49L+G107A is carried our in a similar way, 
except that: mutagenic primer AMI 18 asm mutagenic primer AH119 
3 are used simultaneously-. 

AMI 19; 

5' CAACCACAnAGCCGGCGCTGATGCG 3 1 (SEQ ID NO; 37} 

n? Construction of LE31S: B?iH/Ter?t>asnyl hybrid * 

HlSSxUAiS 1T+N190F+ A20 9V+Q264S •* AS2SU is 

carried our in a similar way, except that mutagenic primer 

mi2Q and mutagenic primer AM IX 9 are. used simultaneously. 

I* AMI20x 

5 f GG&TATA&GSGA^ 3' {SEQ ID HO; 

38} 

Construction of IM 319: BftH/Termarayl hybrid * 
;>s, Hl5gl>AlSX:T^lSSF* A209V-Q264S * A528*VS4N+749L is carried our 
in a similar way, except that mutagenic primer AMI 20 is used.. 

Construction of LE32G: EAE/Termamyl hybrid * 
HlS^AlSif +ffl.$Q$+ A209V4Q264S ••• GI07A is carried our in a 
similar way, except chat mutagenic primer AMI 19 is used. 
:u Construction of LB322 ; BAK/TeriTiavm/l hybrid + 

H 1 S 9 Y---A.L 8 IT <• K j. 9 C P •> 22 C 2 V •> 02 64 £ + 0S1R-AS2S is carried our in a 
similar way,, except that mutagenic primer AM121 is used, 
AM121 v 

5 f GAACOAGCCGATCGGACGTGGGCTACGG 3' (SEC ID MO; 32) 
3:5 Construction of LB323: BAl^Texmamyi hybrid ~ 

3G,52x4A18XT^N120F4- A209WQ254S * is carried our in a 

similar way, except that mutagenic primer AMI 22 is used, 
AH 12 2 s 

SO GAACGAGGCAA^ACGACCTGQGCmCGG ,3' (SEQ ID bO; 403 
EXAMPLE 3 

Testing of LE429 variants isaccbaritication; 
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Th« standard reaction conditions were 



Substrate concentration 
Tempo nature 
Initial pH Cat 60*C) 
Enzyme dosage 

Giuooaswiase 

Puliuianase 

Alpha -amylase 



3 0 % w/w 

so»c 

5.5 



0.18 AGU/'g DS 
0.06 PUN/g DS 
10 micro g enzyzne/g DS 

OexUrosy"'^ E was used to provide gi iieoatsylase asd pvu.Xulanase activities 

Substrates for saccharificat ion were prepared by 
s dissolving common corn starch in de ionised water and afloat log 
the dry substance to approximately 30% v/wi The pH was 
adlusced to S.S (measured at S0*C) , and aiiquots of substrate 
corresponding: to 10 g dry weight were: transferred to Mob cap 
glass flasks . 

as The : flasks were then placed in a shaking water hath 

equilibrated at 60"C, and the enrytmss added, m$ pH was. 
readjusted to S.5 where necessary. The sampler were taken 
after 48 boors of saccharif ication; the pH was adjusted to 
abooi. 3.0, and then, heated in a boiling water bath for 15 

rt minutes to inactivate the enzymes. Alter cooling, the samples 
were treated with approximately Oil 9 mixed bed ion exchange 
resin {310--RAD S01 X8 (D)J: lor 30 minutes on a rotary mixer to 
remove salts and soluble H, After filtration, the 

curbohydracs compos it J on was determined by note. The following 

so results were obtained; 

The parent aipaa-amylase for the variants is Li42 9 . 
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Compared with the control, the -o-re^enee of an active; 
alpha- amylase variant of the invention during I i que fact i on 
results in deer eases*. pa&©»« levels 1DP3) , 
s Especially the T4 9L~Q10?A variant of DB429 and the 

mm*mm*T4m variant of LS429, respectively, result in a 
drast ical ly decreased panose .level ; DP 3 } r if these alpha - 
amylase variants are used for starch liquefaction, it will net 
be necessary to inactivate the enzytse before the commencement 
ac of !5;accbarif ication. 

Scampi e 4 

Liquefaction a nd saccha rif ication of ^£4.2 9 ygriantg 

The experiment in Example 3 was repeated tor a number of 
is. other LE429 variants under the same conditions. 



Trie result is shown beiowt 



variant/sugsr profile 
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: 1. 
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T49L*A52V*G10?AfAailV 54,5%- 1 . 76% 0,72% 2,99% 
JAM 29 94. m 1,71% 1,85% 1.51% 

Example S 

The experiment in Exa:mpie 3 was repeated for a number of 
LE429 variants, except that the. ilousf action was carried put at 

BS°C, pB £.0 and th& sacaharif ication at S0*C, pH 4.5, 40 ppm 
CaClj., followed by inactivation. The variant referred to below 
are LK429 variant. The results found are as follows; 



Variant/sugar profile 
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CLAIMS 

1. A variant of a parent ?e smamyl -lite- : al£i*a - amylase f comprising 
an alteration at: one or more positions selected from the group 
s of : 

»13, WB< T49, $50, Q51, AS2 , D53., W4, 0107, 0100, Alii, 

S1.68, Ml 37, wherein (a) the alteration (a) are independently 

(ij an insertion of an amino acid downstream of the amino 
acid which occupies the position. 
xc (ix) a deletion of the amino acid which occupies the 

position, or 

Clii) a substitution of the amino acid which occupies the 
position with a different amino acid.. 

ib) the variant has alpha --amylase activity arid ic} each position 
■a corresponds to a position of amino acid sequence of the 

parent Terraarnyi-iike alpha- amylase having the amino acid 
sequence of SBQ ID no : 4- 

27 The variant of claims l f comprises a mutation in a position 
23 corresponding to at least one of the following mutations in the 
amine acid sequence shown in SBQ ID :?A7c 4; 

V54N, %52S, AS2S*V54S5, T43+G107A, AS2SrV547GT4 SL+Q107A, 

A52S*VS4NeT49L, GI07A, Q5iR, 0SIH-GAS2S, or 
74 7 "G GX07A, 74 47GG07A. T49D-<-Gi07A, T4SY+G1C7.A, T49S>m31:S7A, 
T4SNeGiQ7A s T0Xf&lQlh i T4 3L.AG52SG7I 07A, T49L-AS2TGG107A, 
T431>A5.2F~G107&, 74SL-AS2L+G1G7A, G4 9L-A521 4G1Q7A , 
T49L+A52V+G107A; or 

T4 9.V, T49I, T49D, T491A T43SG 74 77, T 4 9?, 74 47 , t'0H, Y4M; 
T49Q, T4SK, TOR, A5-2T, AS2-L, AE2I , A52V, AS2G, A52F, A52VA 
30 A74u V7AG GI077, GQTji G107 7, G1G7G , 

3, The variant of claims 1 or 2, comprising a mutation in a 
position corresponding to at least one of the following 
mutations in the amino acid sequence shown in SSQ ID GO: 4; 

M W13F, L..- 7 7V, Y,A; 
G4SA,V,S,T,I,L? 

*48aD or *4 8aY (i.e.., insertion of D or V- ; 
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T4 3X; 

*4SaX ii.e. t insertion of any 7&Mhe -acid residue) 
S3 OX, in particular p,,Y, : L, ( T.. f V- t X.-l 
Q5 1 K) %} 

s. AS2X, in particular &S2S t W ( I 
353E ( Q ( Y, I,N ( S ( T,V ( L; 
VS4X, in particular V54I,N,K, Y,F ;i L; 
GS7S,A, V,h,J t ?.,Y,T; 

G107X, in particular Gl 07A ; V, S f 2% I , L.< C; 
it G108X ; in particular G10SA. V f S f T, I, L; 
Ml IV, I, L; 
S168Y; 

M1S7X, in particular ¥ , P , L ,. 1 , T , A : 



4. The variant of any of claims 1-f-, comprises the following 
sniifeations corresponding to at least one of the fol lowing 
mu tat ions? in the amino aqi& sequence #hov?n in SBQ 3EB Wi. 4 s 
MM *M2X+V54N/I/L/Y/F/W*GX0 7A > 

5 . The variant of claims X~4 f f urther comprising G108A , 

S. Tfce variant of claim X-.S, comprises the roll owing mutations 

corresponding to at least one; of the following mufc«stiansi in the 
28 anh.no acid sequence shown in SEQ ID NO: 4: 

T4 9L4-G107A; 

T49I+G107A; 

T4 9L-5-G107A-V541; 

T4 9IX5107A+V54I ; 
■i f AS 2 S +¥S m-i T4 9L-;-Oi 0 7 A ; 

&52S+VS4I *T4 SL+G1 0 7 A ; 

A52S~X4 3LrG107A; 

AS2T4'T49L4G107A.r 

AS2S+V54a>T4S.I+G107A f 
38 I ,TGGrG 17) 7A; 

T43L*G1G8A; 
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T4 9:i>GiD8A ? 

T4 9L*G108A+V54r ; 

?4 9I-;-G108A---V54I < 

s 7, A variant of &ny of claims wherein said variant has a 

reduced capability of cleaving an oligo-saecharide substrate 
close to the branching point as compared to the pa re at alpha- 
aoyiase. 

i& 8. A variant of any of claims X~7 , which farther ex.hi.hits 
improved substrate specificity and/or improved specific activity 
relative to the parent Termamyi •• like alpha -amylase . 

9, : A variant, of any of claims i-8, therein the parent alpha- 
4.5 amylase is a hybrid aipka-amyiase of SEQ ID PC: 4 and SEQ ID HQ; 
6. 

iQ, The: variant of apy of claims 1-9 1 wherein ..'the parent hybrid 
alpha -amylase is a hybrid alpha -amylase comprising the 445 C • 
as terminal amino acid residues of rhe Si iicheni farads alpha- 
amylase shown in SEQ ID NO; 4 and the 37 M-caro:nai amino acid 
residues of the alpha- amylase derived from £, amyloliquefacians 
shovjc in SEQ ID MO ; 6. 

25 lit The variant of any of claims 1-XQ ; vhersin the parent hybrid 
\ercsmyi -like a Area- amylase further has the following 
mutations* HiSSy-AX8XT4N190F<A209v*Q564S (using the nurrsbering 
in SEQ ID NO: 4} or LKI74 , 

its lii. The variant of any of claims 1-11, wherein the parent hybrid 
Termaryi- like alpha -amylase further has the following 
mutations; Hl5«YtAlSlT4'Jll90P+A2-©'SV4O2«4S-4:-I2Ol-F fusing the 
nuiabering of SEQ ID NO: 4} or 1S4 29. 

3? 13. A PDA construct comprising a PSA sequence encoding an alpha- 
amylase variant according to any of claims 1-12 , 
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14. A recombinant expression vector which carries a IMA con- 
strue c according Go claim -13:. 

15, A cell which is transfoxtned with a DHA const X-pct according 
s to claim 13 or a vector according to claim 14, 

IS. A cell of claim 9, which: is a microorganism, in. particular a 
bacterium or a fungus, such as a gram positive bacterium such as 
Bacillus subtilis, Bacillus licheni fortnis , .Bacillus ientcs, 
m Bacillus brevis, Bacillus Btmrothermophilus , Bad Hub 
a 1 kajppkilus , Bacillus amyloliqmsf^tci'^a^ , Bacillus eosg-ulsps. 
Bacillus circuians, Bacillus laucus or BacilliiB thurirtg^epBis . 

17 - A composition comprising; 

is (15 a mixture of the alpha -amylase from S. licheni formis having 
the sequence shown in SSQ ID NO ; 4 wit-h ope or more variants of 
claims 1-12 derived from (as the parent Termamyl •• like alpha- 
amyl ase;) the B, st&arothernsGphilus alpha -amylase having the 
sequence shown in SBQ IB KG: 8; or 

as: {11} a mixture of the alpha -amylase from B, stearothermcphiluB 
having the sequence shown in ID NO; 8 with one or more 

variants of claims 1.-12 derived from one or mora other parent 
Isrmamyl-like alpha- amylases ; or 

(lid) a mixture of one or more variants or claim 1-12 derived 
2$ from (as the parent Tarmamyl-Iike alpha- amylase) the B . 
acsarothe.nsophi.2ua alpha -amylase having the sequence shown in 
SEQ ID HO; .8 with one or mora variants according to the 
invention derived from one or more other parent Termamyl-like 
alpha -amylases, 

18, A composition comprising; 

a mixture of one or more variants oi claims 1-12 derived from 
{as the parent Terma:myl-I.ike alpha-avyQ.ase; the B . 
s tearo chezm&phi 1 uss alpha -amylase; having the sequence shown in 
:m SSQ ID NO; 8 and a Termamyl-iiks alpha -amy t&se derived from the 
B. lichexxi formis alpha -amylase having the sequence shown in SBQ 
ID DO: 4, 
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IS, A composition comprising:: 

a mixture of one or more variants of claims \~X2 derived from 
(as the parent: Tsrmamyl-like .alpha -amylase 5 the A, 
5 s c earo thertnophilus alpha -amylase having the sequence shown in 
SEQ ID NO: 8 and a hybrid alpha -amy! ass comprising a part of the 
B. a&yl oliqixefaci ens alpha- amylase shown in SEQ ID NO: 6 and a 
pare of the B. lichenxformis alpha- amylase shown in SEQ ID NOx 
4. 

jo 

20. A composition comprising: j 

a mixture of one or snore variants of claims 1-12 derived from 
(as che parent: Termamyi- like alpha- amylase:; a hybrid alpha- 
amylase comprising a part of the B. .a^Xo : lifn«faclecs? alpha- 
is amylase shown in SEQ ID NO; 6 and a pari: of the B. lichenif&rms 
alpha- amylase shorn in SEQ ID $0; 4, 

21. A composition of claim 20 , wherein the hybrid al phec- amylase 
is a hybrid alpha; -amylase: comprising: the 445 C~ terminal amine 

fee acid residues of the A. li&henx£axmi& alpha -amylase shown. In SEQ 
ID tFDc 4 and the 3? M- terminal amino acid residues of the alpha- 
amylase derived from amyloliquefstciens shown in SEQ ID NO: S. 

22. A composition of claim 21., whereon the hybrid alpha -amylase 
further has the following, mutations 5 

HlS€Y*A181T-j-Nl90P-fA209V^Q264S (using the numbering in SSQ ID NO; 
4} or LEI"? 4 „ 

23.. A composition of claim 21, wherein, the hybrid alpha ~amyl ass 
s-: further has the fol lowing mutations : 

H 1$ >$ % e A 1 Blielf 1 .3 0 Fe &2 0 W Q2:$4 S * 1 £ 6 1 F as shown in SEQ ID AO- 2 or 
LE42S , 

24, A method for genera ting a variant of a parent Permamyi like 
•is alpha- amylase :■, which variant exhibits a reduced capability of 
cleaving a substrate close to the branching point, and further 
exhibits: improved substrate specificity and/or improved 
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specific activity relative to the parent, the method 
coopr ising ; 

(a) subjecting a IMA sequence encoding the parent Termamyl- 
like alpha- amylase to random mutagenesis , 

(b; expressing the mutated DHA sequence obtained in step (a) 
in a host cell, and 

{ci screening for host cells expressing a mutated alpha -amylase 
which has increased stability at law pli and low calcium 
concentration relative to ths parent alpha- amylase > 

.25, Use of an alpha- amylase variant of any of claims 1-12 or a 
composition of any of claims 17-23 for starch 1 iquef action ; in 
detergent composition, such as laundry, dish washing and hard 
surface cleaning compositions; ethanol production, such as fuel,: 
drinking and industrial ethanol production; desicing of 
textiles, fabrics or gmtmnzs . 
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SEvv'HNCE P.TSTINO 

<di8> Hove Board! js* A/S 

5 

<I20> 

<13C> 

SO «.160> 40 

<370;- Patently Ver, 2,1 

<21G> I 
15 <211> 1443 
■c212> SMfi 

20 <221> CDS 

<222v (X) - • 53443) 

<4QQ;> i 

gta mt ggc acg cfcg acg esq tat ttti gsa tgg tat : aeg Peg m<i gat A3 

85 Val .Asa :©ly T&r .X.«u Met Gin *Eyr: eh®, kto. "Sxp Tyr Tb.t Pro Ask Am 
1 VS. ;ie 15 

cat fcgg «*a cga teg ag. sat gat, gc^ gas est csa sag gst 96 
Sly Gin His Tro Lys Ar« h&a. Sir;. ask Asp Ala olu His X.«a Sar Asp 
30 2.C> 25 30 

ate ggt att act gee gtc tgg afcfc oca ccq qca tat sag gga aqg age 144 

Ilk My lie Tfer Ala ml Trp Sro S>ro Ala iyr : I*ys aiy Th* S&r 
3S 40 45 

33 

eaa gag gat gtg ggc iae ggt get. tac qae est tat gat tta ggg gag 3.52 

A • a Asp Vai: Giy Tyr Sly Ala tyr Asp L&u tyr Asf tea Sly Six; 

m ss «c 

40 ttt cat eaa aaa 'ggg a eg gtt «gg aca aag tiae ggc; sas gga gag 240 
Paa His Gir. Lvs Sly T>lr Pal Ar« Thr Bys Tyr Sly Tfer i»ys Giy Olu 
SS 70 ?S "" 80 

ctg xaa tec gag ate aaa aft. CCt cat tec cgc gac &tt aat gtt tat 288 
4S p«ai Ola Ssr Ma lie Lvs s*r Leu:- Mis Per Arq Asp lie Asa val Tyr 

ss " so • SS " 

9«fc <5tq qtc ate aac esc aaa ggs gge get gat geg acc qsa gat 33-S 
Sly Asp V«l Val He Asa His Ays Oly Oly Ala As» Ala TO r Gh; As.;::. 
5S 100 10S 310 

qta acc gag get §&& qte csat ccg get gsc ede asc c«c gta acc ccs 384 
Vai Thr Ala Pal Glu Val As» »ro lis Ase Acq Asb Arg Va.1 21s Sex 
IIS ' 12* 125 

gga gaa eae eta att aaa qcc tgg ass sat ccc cat ccc ccct Qqq cge 432 
Qly Ola His Leu He i,vs Aia Tip Br His fsa His Pha Pro Giv Arq 
13 0 13 5 140 

SC qqc acic aca tac aqc qat tat aaq t«q tst tqq tse est ttt wac cas 48 0 
Csiy Set Thr Tyr Ssr Asp Phe i;ys Trp Tvr lie Tyr His ?he Aaa Giy 
34 3 ISO 155 1.60 

acc qac tqq qac eaq vce eqa aaq ct« aac aac ate cat ssq ttt. eaa 52 S 
The Asp Trp Asp Giy Ser A?q Ays Aea Asa Ar« 5 is Tyr Ayfs Aaa GT.n 
IPS lid 17 S. 
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aag act -egg gat tgg gaa gtt tec a.a.t gaa etc ggc aac tat gat S7g 

Giv .le r 1' rr To h Asp ': t p Gil* -Val S »r Asa 3iu O.i-V' Asc Tyr Aso 

180 ies im- 



cat ttg stp tat gee gao stfe qat feat qac eat .est qat gtc ota qca 524 
Tyr Met Tyr Ala Asp Pns Asp Tyr Asp His Pro Asp Val Val Ala 

IBS 200 zm 



gag att sag aga tgg ggc act tgg tat gaa aat gaa cfcg caa ttg gac 672 

5.5 Oiu lis Lvs Are Tre Sly Thr Trp 'Tyr Ala Ask STy Leu Sin Leu Asp 

' - 2X0 " 2 IS ' ' 2 SO ' 

aat ttc egt ctt cat act qte aaa eac att a&a ttt tct. ttt fctg egg 720 

Glv Phe Are fcevj Asp Ala Val hyi Has lis Ly* Pha Sar Vhet Leu Arg 

lis 225 220 235 240 

gat tgg gtt aat cat gtc agg gaa saa a eg ggg aag gaa atg ttt acg 768 

Aap T>:p Val Ask His val Arg Giv Ays Thr Gly t#* Giu Met Phe Thr 



24S 2 50 255 

est a get gag s:sc tag tea aat aas tea ggc gcg ctg gaa aac tat tea SIS 

Vai Ala Gia Tv>- rtp Ser As» As» Lea Giv Ala hm 61 is Asa Tyr Le« 

260 265 2 ?0 

S3 aac aaa aca aat tec aat cat: tea gtg ttt gae gtg Peg ctt cat tat 864 

Asn Ays Thr Abu Phs Asa His 'Set Vai ©he Asp Val J»&©.: I*eu.':K'i« Tyr 
2.75 280 2S5 

eaq ttc cat get g«a teg aea cag gga ggc ggq tat gat at«: agg aaa S12 

SO. Six; .Pha His Ala Ala Ser Thr GXrs Gly Gly Sly Tyr Asp Met Arg Ays 

tta eta aac ggt aeg -site 'gfcfc 'fcdc sap eat ctg ttg aaa teg gtt aea SSO 

Lap Laa Asp Gly Thr Val Val S&r Ly| Hip Pres. LMv liy*. Set Val TPs 
IS 305 3XC 315 320 

ttt: gee gat aae eat gat sea cag ctg ggg Paa teg ctt gag teg act 1008 

PPa Val Asp hsn His Asp Thr <31« Pro Oly Ola Sar lev; Glu S«r i$tx 
3:35 .330 125 

•43 

cite caa aea tgg ttc aaa sea -ett pet tae get ttt att ere aea agg loss 

Val GSk Thr Trp Pha i.ya Pro Lais Ala Tyr Aia Phe .Tie Lea Tar Arg 

340 -.MS 3S0 

45 aaa -:et qqa tae act cap gtt ttc tac qqq gat acq tac qqq acq aaa 1104 

Ola SSr Gly Tyr Pro Git!. Val Phe Tyr Gl.> 



SSr Gly Tyr Pro Clip Val Plus Tyr Gly Asp Pet Tyr Sly Thr LVS 
355 3 CO 3S5 

gga gsc tec jbag ege gaa att cct gec tig aaa eac aaa Stt gaa ccg 1152 

10 Sly Asp Ser Ola Atq Glu 11a Pre Ala Leli %>y& his Ays lie Glu Pre 
370 375 1«0 

ate tta aaa geg aga aaa cag cat peg tae gga gca cag eat gat tat 12 oo 

lie Lac Ays Ala Arg Ays Gla Tyr Ala Tyr Gly Ala Gin Hirs Asp Tyr 
«v SS5 3 90 .': ... 400 

etc gac eac cac gae att etc qgc tgg aca agg qaa ggc qac age teg I24S 

Val Gly Trp Thr Arg Glu Giv " 



Phe Ate His His Asc lie Val Gly Trp Thr Arg Glu Gly Asp Set Set 
4.05 410 415 

gtt gca aat tea gqt tta aca aca tta ata aea qac aga ccc ggc ggg 1250 

Val Ala Ase Ssr Gly Leu Ala Ala Aea lis Thr Asp Gly Pro Gly Oly 

42 0 425 43 0 

«S gca aag cga. atq tat gtt gge qgq eaa aac gee ggt Pag aca tgg tat 1144 

Ala Lvs Arg Met TVr Val Giv Aha Gin Aaa Ala Glv Glu Thr Tre Has 
435 44C 44ii 
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sa:" «G£ sec sqa aac C<3 tdq qag Sco G?tt g.tc ate as" tea «<-•<"> «QC 1392 

Asp lie Thr Giy &sk Arg S^r Glu Pro Vsl M l!« Ass Ger Sip Giy 
4 SO 455 460 

5 

tgg gga gag ctt cac gts ase ggc ggg teg gtt tea att tat gtt caa 14 4 0 

Trp Giv Glu Aha Sis Vai A.;.;: Oly Sly S«r Val S« lie Tyr Vai Gis 

403 470 47S 430 

10 aga 144 3 

Arg 

v:>:lC> 2 
IS <2ll> 431 
«S 1 2 > SET 

•;2i3> Bacillus s?r.yloiiqu«$«teisais 
<4 00 > 2 

20 vail Asn OAy Thr tmx Met @la. Tvr Tcp s Xyx iter Pra- ma Asp- 

5 S 10 15 

Giv Gin His Trp Ays Ara A*a Gin as« Asp Ala Gl\; His Lay Ssr Asp 
20 2S is 

25 

liis mv. Z1& Thr Als Val Trp lis Pro S>ro Ala Tyr -Ly® Giv TKr Set 
35 40 45- 

&ln Als Asp V&l Giv Tvr Oly Ala Tyr Asp Aevs Tyr Ss» Gey Qly ®l& 
:<■<■:■ SO S3 60 

Ph« Mis Gin Lys Sly Thr V'al Arg Thr Lys Tyr Sly Thr Lvs Oly Glu 
S3 70 ?5 80 

33 Sim Olrs Ssr Ala He Gys Set Leu His s«r Arg Asp lis A&s val Sfx 

S5 SO 95 

Oily Asts Vat Vsl lie Asn His Ays Giy Giv Als Asp Ala Thr Sltf Asp 
100 10 S 110 

40 

Val Thr Ala Val Slu Val Asp Pro Als ksxs Arg Ass. Arg v«l lie Ssr 
12.S 120 125 

Oily Qlit His Geo He Avs Ala Trts Thr His VA-a His Aha Pro Giy Arg 
i : 5 130 135 140 

Giy Ssr Thr lyr Ser Aso Pfce- I»V8 Trp Tvr Trp Tvr Kis Pha Asp Giy 
14 3 ISO ISS 160 

oo Thr Aa:o Trp Asp QTii Ser Ar« Ays Aes. Ass. Arc; lis Tvr Gys Ph« GIr 

1SS 370 17 5 

Giy Ays Thr Trp Asp Try Ols Vai Ser Asn via Aha Giy Ass. Tyr Asp 
ISO ' ISA i SO 

3-3 

Tyr Gau Met Tyr Ala Asd Phe Asp Tyr Asp His Pro Asp Gal Val Ala 
135 200 SO 3 

Giv .11* Lvs; Arq Trp Giv Thr Trp Tvr Alia Asa Glu h&xi Gin t«u Asp 
6 3 210 ' 215 2W 

GiGp Asa Arg Ae» Asp Aia Vail Ays His lis Ays Phs Ger Phe Aav Arcs 
22i 23 0 235 240 

63 Asp Tr» Vsl ,GSs His Val Arg Glu Ays Thr Sly Ays GAs mx. AGs Thr 
245 2A0 300 
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Vsi Ala m& Tyr Tro Ssi fen Asp Leu Sly fti* Lew Olxi Asxj Tyr Leu 
260 ms 27£ 

Aran Lye Thr asm Pha Asa His Se >: V«i Phe top Val Pro His Tyr 

S 2?S 280 2SS 

Giv : Phe m s Ala Ala Ser Thr Gi.a G.:y Gly Civ Tyr Asp Met Arg fty* 
290 2S>5 306 

XO heu Leu Asr ; G:y Thr Val Val Ser Lv«; His: Pro hm Lyss Ser Vs.. Tar 

305 310 315 sao 

Phe Val h&& Ash His Asp Thr Qlr. Pro Gly Gin Ser Leu Gir Ser Thr 
325 330: 33S 

■Val Gin Thr Tr» Phe Lvs Pro Leu Ala Tyr Ma Phe lie Leu Thr Arg 
340 345 3 50 

Glu Sar Gly Tyr Pro Gir; Val Phe Tyr Gly Asp Met Tyr Gly Thr hys 
20 3S5 ' 360 3 6S 

illv Ash Ser Gin Ar<3 816 lis Pro Ala Levi Lys His A.ys lis Ola Pro 
370 ' 375 * 380 

as lie -Lea Lys Ala Ar« Lys Gin Tvr Ala Tyr Sly. Ala Sirs His Asp 1 

38S 3&0 3 55 4 



30 



•ffee Asp His H.s Asp: Tie VeX Sly Txp Thr .Argr 3lu 01 y Asp -Sear Ser 
4 OS 410 415 

'Val Ala Asa Ser Olv L«u Ala Ala. Leu Tie Thr Asp. Qly -%po. Gly Gly 
420 42S 430 

Ala Lys Ares Met Tvr v«l sly Ar« 01 n Asa Ala Gly Giu Thr Trp His 
35 435 440 44 5 

to lie Thr Gly Asa Ass? S&r Sih £ro Vail Val Tie Asa Ser <2lM Oly 
45:8: 45 S 460 

:*0 Trp Gly Ola Phe Hiss Val Asr: Gly Oly Ser Val Ser lie Tyr Val Gin 
5 S3 67.0 475; 480 

<21.0> 3 
<2.ii> 
50 <3i2:> DBA 

<3L3> Bacillus iieheniformie 

<T 2.1> T5 
VI <222v (4M,) - , (1872; 

•;• i-o.0 a 3 

sggasgatfcg gaagtaeaaa aataageaaa agafc&grcaa toafcgtsafcg ag^aagagg- .60 

W gagaeggsss aatagtacca acgsMgMa tttatgcaac gttcgcagat gctqctgaag 1.2:0 

agattattaa aaagctgaaa gcaaaaggirc ateaettggt; aaPtgtsSet oagcttgssg 130 

aagtga«gaa gaagagaggc tsttgaataa atgagtagaa gcgchatatc ggsgcttfctc 

ttttggaaga aaatat.aggg aaaatgafcsc: ttgttsaaaa fcteggaat®£ ttatacaaca 300 
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tcix.iv.g-:— cacattgaaa ggggagg&ga a^oatgaaas aaeaaaaaeg gctttacgcc 3S0 
egattgctgs cgctgttstt tgsgceestc ttcttgctgc etcattefcgc sgcsgcggcg 420 



gca sat ctt aat qgg acg ctg atg c&§ tat. ttt gas tgg tae atg cce 468 
Ala Assn Ls-u Asn Gly Tht: Lex; Met aia Tyr S&s Glu Trp Tyr Mat Pro 
1 5 10 15 



aat qae csgc ca« cat tqq ag«i egt ;tt«t cm aae «ac fees? gca tat ttg 516 

:ic- Asa Asp Gly airs. His txp Mg Arg Lex; Gin Asn Asp Sar Ala Tyr hm 
20 25 30 

act qaa cac qqt att act qcc qtc tgg apt eee ccg ges tat aag gga 564 

Ma Oi.xi His Glv lis Tar Ala ¥sl » -life Pro Pro Ms Tvr Lys Glv 
55 40 45 

acg age caa gcg gat gtg ggc sac qgt get tac .gac ctt cat gat t.ta 512 

Thr Ser GX» Ala Asx? v«i Glv Ty r siy Ma Tyr Asp L«xi: .Tyr Ass Leu 
SO ss so 

?«! 

gag ttt cat caa aaa ggg acg gtt cog aca aag tac ggc acs aaa <5SG 

S%« His Olxx k,ys Gly Tbr Val Arg Thr liys Tyr 0ly Wax- hys 

55 70 ?S 80 

G5 «»»: gag ctg caa tct. gcg ate aaa agr ctt cat tec cgc gas afefc aac '?88 

Gly C-isK Lea Gin Ser Ms life hys Ser Leu His Set Arc &s» lie b&n 

m so ss 



gtt tac ggg gat gtg gtc ate aac cac aaa ggc ggc get. gat gcg ace 756 

•38 Va 1 Tyr Qly Asp v&'l Val He ASsr. Kis Lys Gly Gly -A3* Asp Ala Tfer 
106 105 310 

•«*«*• gat gta ate gcg gtt cjaa ate gat tec get gae age aae cgc gta 804 

<Slw As** va~ Thr Ala val «iu *»i Asp Pro him Asp Arg Am Arg val 
as us 120 las 

att: tea gga «as cac eta at.fc aaa gec tgg aea cat ttt cat ttt ccg 8S2 

lis Set: Gly: Oly Heu lie Lys Ala Trp thr His Phc- His Piie »*o- 
1-10 IIS .140; 

ggg sgc ggc age aca. tac.sgc gat ttt aaa tgs? cat tgg tac cat ctt S06 

Sly A:s-g Gly Ssr Thr Tyjr Ser Asp Pha Ly& Trp His xTrji Vyr His Ira: 

3.45 3.50 XSS ISO 

45 gas gga ace gat tgg gac gag cc'C cga aag ctg aac cgc ate tat aag 948 

ill 



Asp Gly Thr Asp Trp Asp Gils Ser Arg Jys Leu Asa Arg fie lyx Lys 



ttt caa gga sag ctefc tgg gat tgg gaa gtt ttt aat caa aac gqc aac 99S 
SO i?he Gla Gly Lys Ala Tro Asp Trp GLx; Val S«r An.-x Gla Asa Giy Aax; 

18.0 133 ISO 



tat gat tat ttg atg tat gec gac ate gat tat gac cat cot gat gtc 1044 
Tvt Aap Tvr L-a?3 Mat Tvr Ala Asp H« As» T/j; Ast5 His Prxx- As» Hal 
55 * 195 200 ' 20S 



gca gca gas act aag aga tgg ggc act tgg tat goo aat gas ctg caa 1092 

A3 a A3 a Gis lis Lys Arcs Trc GIy Thr Trp Tvr Ala Ask 01 u Lsu Gi a 
210 ' 215 22 0 

tt« c;ac crot ttc oat ctt gat act wfcc aaa cas ace aaa ttt tct ttt 11-50 

Lau Asp Gly ?h<s Arg Lea Asp Ala Val Lya His Ila Lys Phe 8cr Ph« 
22 S 2.30 aGS 240 

«s ttg egg gac egg gtt a«t cat gee agg ;gaa aaa acg ggg aag gaa atg 1188 

Lax; Arc Ase Tre Val Aaa Ux» Val Atg Glu Lys Tar Gly Lys Gj.u. Hat 
24 5 250 255 



wo 



FCT/DKMUNI* 



ttt &c&. get «aa tat tg« cag aat qae fctg' g§e : «5«<3 efcg gaa aac 1236 

Phs Tar Val Ma Sir; Tyr Trp Gift Ax;n Asp Leu Sly A -a Aau Giu Asn 
2S0 265 21* 

S 

o re aac aaa acs sat js: aao s;s- r.ca gtg ttt gac gtg cq; ctt 128-4 

Tvr Lfiii Asa X.YSS Thr Asa Vhs Asa His Ser Val Phe Asp M Pro Levi 
27S 280 285 

K< cat tat cag tee cat get ges teg aca eag gga ggc: ggc feat gat &tg 1322 

His Tvr Gin S>h® His Ala Ala Ser TSr ffls Giy Giy Qsy Tyr Asp Met 

im 25£ 300 

s«a aaa teg ctq aac ctett acg «tc qtt tee aag cat ccg ttg aaa teg 

A Arc; Lvs; Lea Hsu Asri 01 Y Thr Val val Ser Lye His Pro Leu Lys Sar 
305 310 31S. 230 



SO 



so 



aca agg gas fcet gga t*e get sag gtt ttc tas .ggg gat acg g|0 
Thr Arcs Olu Ser GIy Tyr Fro Gin val Phe Tyr 03/ Asp Met Tyr Qiy 
' 335 360 3«S 



tttatttt 



A3 SO 



ats aca ttt qtc oat aac cat gar aca sag ccg ggg caa teg ctt gag 1428 

Val Thr Ph<& Val has ftsn His Asc Thr Sla £r<5 Sly Ola Ser Leu Glu 
325 330 335 

fccci act gtc caa aca tgg ttt sag ccg ctt. get tac get ttt att etc 1470 

Ser Thr Val OIn Thr Trp Phs Fro Leu Ala Tyr Ala. Mi® lis £e\*; 
340 34S 350 



1S24 



•30 acg aaa gga qsc tec sag ego gaa att ccfc gee trtg aaa tac aaa att 1373 
Thr -un- My Asp Ser SlftAtg ma. lie Pro Ala tali Lys His Lye lie 

r?o His -3.8.3 

gaa ccg ate tta. aaa gog aga aaa cag tat geg tac gga gsa crag sat 1620 
.3.6 Sia Pro lie: Leu Lyss Aia Arg Lys Sin Tyr Ala Tyr Sly Ala ©In. Era 
m SS»C 355 400 

gat tat ttc gac cae eat gas: act gee ggc egg aca agg gaa ggc gac XS68 
Asp tvr Ms Asp His His Aat> 2Ie Val Oly Trt Thr Arg Glu Sly Asp 
■40 405 416 *3J 

age teg gtt gca a a :: oca ggt -:tg gcg gca tta at a aca gac gga ccc 

Sax Sat Val. Ala Asa Sier GIy Lah Ala Ala l.ea He Thr As;p Giy Pre 

420 425 430- 

iS 

gat qqc; gca aag c«a at-g tat gtc ggc egg caa aac gee ggt gag aca 1764 

GXy Giy A1& W* Arg Met Tvr Val Sly Arg Sir ft.sr; Ala Oly Glu Thr 

435 448 445 

sv tec cat «ae art arc oea aae egt teg gag ccg get g;:c arc aat teg 1812 
Tr« Hi 55 mxs He T*r My ask Arg S«jr Oiu Pro Val Val He k&n Ser 
450 455 460 

gaa Mac tgg gesa qaq ttt car gra aac ggc ggg teg gtt tea att tat isso 
Slu Glv Trr> GIy Gla Ph» His Val Asa GIy Sly Ss«: Val Ser He Tyr 
465 470 475 ^0 

gtt tea aga tag aagegesgag aggacggstA tcctgasgga aatccgtttt 2912 
Val Gin Arg 



292 0 



Bacillus iicheaiforms 



WO 08/88859 



PCt7»&08/Ml4S 




WO 80/68859 



8 



Thr Arct GI u Sar Sly Tvt Pro Gin Val Saa Tyr Glv Asp Mat Tvr 01 y 
:m 060 ' 3S5 

S Thr hys Glv Asp S«r Gin Arq Glu lie Pro Ala Laa i.ys Hiss I.ys lie 
370 37S 3:80 

Siu Pro lie hex :.vj: Ala Arg JUys. Sla- Tyr Ala. 2Vr Giv Ala Ola His 
383 330 39S 400 

Asp Tyr Ph« Asp His His Asp lie Vsl Oly Trp Thr Arg Slxi Giy Asp 
405 410 415 

§«* Sex- Val Ala Asa Ser Oly ijeu Ala Ala Ley lie Thr Asp Oly Pro 
IS 420 42S 430 

Sly Sly Ala Lys Arg Met Tyr Val Giy Ar« Gin Asn Ala Giy oiu Thr 
s;5 440 4-4.5 

m- -tm His Asp Tie Thr Glv Ask Arg S.«r Slu Pro Val V.&l .tie Asa Ser 
4S0 ' 455 " 460 

Ola Glv Trp Oly Siu £>he His Val Asn OI v sly S©r Val Ser: lie Tyr 
" ' 470 ■ 475 480 

23 

Val Sin Arg 



30 <210> 5: 

<21i> 2S04 

«2'12> fiJffifk 

s2!3> Saclllus amylol iguefaciens 

TS <22Q* 

<22i:> -10 aignai 

<222» POT") . . {712; 

<:22D> 

40, <:22:i > -35 suqnal 

<222> (72§i > ,1734) 

< 2.2 2 > SSS 

43 <222.> ;7H9- . . «?62j 

» sig peptide 

<222> ;77?; . '. (SS2 J 

30 

<2 'lt > mat peptide 

-.222 > (33?1 ,', {23145 

S3 -;220-..- 

<221;> tarffsi siatcr; 

<222> i222i; . . (2373; 

<220> 

8.5 <2 21> CDS 

032> iSS3; . .. 

<- 408:> S 

as<?cttcaa« cggccaatrx c*a&tg;Sqe&t ct<w«ftts.*t. ae.Ptaqqttt: tcacccgcat 60 

is 

attaagcagg cgtttxegaa cGgtgtgacs gsagctgttc gaaacccegg cyjggcggttt 120 



9 



gattttaagg ggggapagts teetgeetat acaeatascfc cteagcggaa aaasaa^csi. 180 

cattgctggc gggggeaatg ttgcattaag aaggctgaaa eggtgr: ■: tec ggaaaecact 24 0 

5 gavateaccg tgateaatet gagec?:gcct gaaattaaaa agefeggegea tgaaggaegc 300 

acccgctgga ttoeccggag aatagaaatg asagatceea agccegcttt tttcatt&tt 3*0 

gecacaacaa atgaecgagg egtgaatcag gagatagccg gasacgecte tgaaacgcag 420 

crggteaact gtgtaaecaa ggctgaaeas ggeagcgtat atatgoegaa gatcatccgc 480 

aaagggcgca tteaagtstc agtatoaaca accggggesa gccccgcaca tacgaaaaga 540 

IS cteectcaaa aeai.\tgagcc ttteataaet gatgaatxgg oegaagaagt ggatcgattg 600 

tttgagaaaa gaagaagaee auaaaatac ctCgtetgtc ateagaeagg gesttttfcta sso 

teetgsccag aetgtccect gegtaaaaas taggaataaa ggggggttgt tattattfcta 720 

coeatatgta aaatataatt t«tat*ag*a aatgagaggg agaggaaaca tgattcaa&a 7.S9 

acgaaagcgg aeagtttogt: tcagaettgt gctt&tgtac acgetgttat tfcgtcsgttt 8.4-0 

28 gcegattaca asaacateaq cc gta aat ggc acg ctg : atg qag feat ttt. 3S2 

VaJ "Ma.: Giy -mr &eu mt ?yx~ Ph® 'Qlxt 
■ 1 5 10 

tqg tat aeg sag a«c- gac ggc cag safe egg aaa e$a fctg cag aa-t- gat 940 

30 Ttp Tyr Thr Pro Asa Asp Gly Gin His Trp Lys Arg Leu ©Is Ass Asp 

IS: 20 25 

asa oaa cat eta tee gat ace aga ate act gee gtc tgg att ect ccs 

Ala &ttt His Ser hm Ha Gly XI® &ia ?ai \?rp lie Pro Pro: 
is 30 35 40 

gca tat aaa Agga fctg age caa tec gat aao gga taq gga cot tat gat 1036 

Ala Tyr hys Gly hm s&s 8Is,Ser Asp Asa : <SIy Tyr Sly Pro Tyr Asp 
45 50 5* 

40 

ttg feat gar: tta gga gas tec cag ess aaa ggg acg gtc aga ace aaa .1084 

Lau Tvt Aao Aae Sly §ls Paa sia SliJ Lys Sly Ths V*l Arc Thr tys 
00 * S3 70 

«5 tac qqe aca aaa tea gag etc caa «at geg ate gge tea ctg cat see 1132 

Tyr Gly Thr Lvs Ser Sl-U Uu SJsi Asp Ala lis Giy Ser I^U Kis Ser 
75 80 SS ?0 

egg sac cstc caa gfca tae aga eat qta gtt ttg aac oat aag get. ago 1160 

SO arg Asxi V&l C-irs Vai Tyr Glv &sp "Val Va.l Law Asa His tys Ria Gly 

100 10 S 

t qat oca acs gaa eat gca a6c qi:?: gtc gaa gtc a at ccg gee aat 122 H 

a As» Ala Thr Six; Asp OA! Tar Ai« Vai Siu Vai Asa Pro Ala Ask 
110 IIS 120 

aga sat cag eaa act ten cag gsa tat caa ate aaa gee teg acg gat 1278 

Are Asa Air- Git Thr Ser Glu Glu Tvr Gtc lie .t-va Ala Trp Thr Asp 
12 5 130 135 

tot eet ttt ceo ggc cet a«a aas acq tac aet gat ttt aaa ftgg cat 1324. 

At« Arg ek» Pro Sly fcrg Gly Aaa Tar Tyr Sar Asp Pha Ays Trp His 

140 145 ISO 

OS tgg tat cat ttc eae csgs gcg gsc tec gat gaa tec egg sag ate sec 1312 

Tt» Tyr His »ha Asg GJ.y Ala Asc Trp Asp Gla Scr Arg ays Ha Sar 
15« ISO ' XCZ 170 



WO §(S/68059 



car s-cc ttt aag ttt eg" ggg gas gga aaa gcg egg gat tgg gaa gts 1430 

hr<z Ti& P'he isvs Ph« Arg Giy Slu Qly fcys Ala Tre Asp Trp Giu vai 

175 ISO X8S 

5: 

tea agt gaa aac ggc aac tat gas tat tta atg sat get gat gtt gac X4SB 

Ssr Set Giu Asrt Giv Asa Tyr Asp Tyr Leu- Met: Tyr Ala -Ase Val Asp 
130 XSS 200 

to tat: «ac sac cct oat ate gtg gea «?ag ae« aaa aaa tgg ggt ate tgg iS'15 

XVr Asp His Pro Asp v'al Vai Ala Giu Thr X,vs i»ys Trp Sly lis Trp 
2 OS 210 '2 IS 

tat gcg aat gaa ctg tea tta gac ggc fete cgt att gat gec gec «aa 1564 

:t« Tyr Ala Asa GT,i Lau Ser Lea Asp. Giy- *fee Arg lie Asp Ala Ala Lys 
220 225 23)3 

cat: att aaa ttt tea ttt ctg cgt gat tgg gtt cag gag gec aga sag ISiS 

His; XX<e Lys Phe Ser Phe Arq Asp .frp Vai- Oixi Ala Vai Arg Glc 
SO 231 240 245 250 

ass gaa acg •: ': ': acg §££ gcg gag tat tgg cag aat aat iSSO 



IS: 



*5 



gcg acq gg« aaa gaa atg ttt acg gtt gcg gag cat tgg cag aat sat 
Ala Thr Sly Lys Gia mt PM Thr Val Ais Clw Tyr Trp Gin Asa Asn 
SSS 2.S0 2€5 

gec ggg aaa etc g«« aac sac ttg safe aaa aea age ttt aat caa tec 1708 
Ma My Lvs ttm. Giu Asa: Tyr l&ii Ass Xys- T&r ger-Phe Ask ©l^.-Ser 

270 27$ 280 



3.8- qt« ttt gat gtt ceo ett .cat ttc aat. tta cag.. ®m .get tec tea g«* 
Vsl S»he Asp Val Pro i»su His Sfce- Asa teu G!r A.ia Ala Set Set tSta 
2SS 2 SO 2SS 



gga ggc gga tat gat atg agg cgt: ttg ctg gac ggt acc gtt gtg tec .1804 
Giv Sly Giy tyr Asp Met Arq Ato Let Leu Asp Giv Thr Vai Vai Ser 
366 3 OS 310 



sgo cat .cog gaa sag gcg: gtt aca ttt gtt q««. aat cat gac aca cag T8S2 

Hi* fto Sa« Ly* Ala Vai Thsr Wi# Val Ql\x Asn His Asp Thr Qln 
4M 315 320 325 330 

•Stg gga csg tea teg gaa teg aca gtc caa act ;:gg ttt aaa ccg ctt 1900 



Fro Giy Glxi Sar Laa 01u Set Thr Val Qln. Thr Ts:p Phe i,ys Pro h&a 
33S. 340 345 



tec 1040 



gca tac gec ttt att ttg aca aga gaa tec ggt tst cct cag gcg 

Als Tvr Ala Pl\& lie Lea <rsr Arg Qla Ssr GlV Tyr Pro Gin Val 

3 SO 355 HO 

&o tat ggq gat atg cac ggg aca aaa ggg ac« teg cca ssg gaa att caa 1996 

Tvr Giy Asd Met Tvr Giy Tar Lys Giy Thr S«r Pro Ays '.U.: 1' ?i a Pro 

2 0 270 270 

tea etc aaa gat aat ata oao coo att tta aaa c?eq cgt aag gag tec 2 044 

:v ssr teu Lvs Ast Asp. lie Glu Pre Tie tea Ays Ala Arc Oys; Gits Tyr 
.• s o 3ss sao 

gca cac ggg ccc tag cac gat tat att gac cas : ccg gar gcg at;: gga 2 0S2 

Ala Tvr Giy Pro S:ln His Asn Tvr -xl.« As» His hro As» Vai I la Glv 
0C 3i5 400 ' 4S5- 410 

tgg acg agg gaa ggt gac age tec gee gee. aaa tea. ggt ttg gec get 214 0 

Gla Giy Ase Set Ser Ala. Als ' 



Trc Thr Arc Gla Giv Ass Set Ser Ala. Als Lvs Set Sft Ala Ala 

41S 420 422 

tts ate aca sac aca aca acts- txaa. tea sao eqq ate tat qcc <wc eta 2188 

Lsc lie Tar Asp Giy Pro Giy Giy Bar Lyi Atg Mat Tyr Ala Giy Gee 



WO 



11 



4 3 0 43:5 440 

aaa aat gcc qqc gag ;;.::> srgpg sat gac ata acg 39c «ac egt :.c« gst 22 3 S 
Lys Ask Ala Glv Glu Thr Trc TVr Asp lie Thr Sly Asn &rg Sear Asp 
5 44S ' 4 SO 

act gra ass ate 99s tct gac g|« tgg |p ttt cat gta aac gat 2284 



act aca aaa ate «qa tct gac qqc ggs gag ttt cat gta aac gac 

Thr Val -Lys lie Giy Set Asp Qly Trp Giy Glu His Mis Val Ask Asp 
460 4S5 470 

esq tec ate tec att tat «?r.s om &&& tm ggcaataaaa aaaeaeexec 23; 

Glv Ser vai Ssr lie Tyr Val. Sin Lys 



5 34 

Val OAs Lys 

47S 480 
i'S aagctgagcg sgggt^heag ettggaggm cgtttasfcts. ttcsgccgts tgacaaggtc 23;M 
ggcatcaggt gtgaitaaata exjgracgetg gctgtcatag gtgacaaat.c agggcsr.t cgc 2454 
aeecstfctqsc tttttcacat atexgatttfc tgss&sstca acaggeaegg ageeggaate 2514 

LA 

te:r.cgcc;:.f:g gaaaastaag eggegstegt agatgesfetee s:«featggatt gthcatoggg 25'M 
s:;cgctgctt ttaaccacaa cgtgggatcc ®«i?4 

25 

<;G!0> & 
<2ll> 483 
^12> FKT 

-«2X3» -Bacillus atKylolx^uefaciens 

30 

«4S>£» & 

Val Asia Giv Thr L«u ««t Sin Tvr »hs Glu Trp Tyr Thr .J»«o Asa Asp 
I 5 10 IS 

SS Glv Gin His Trp Lys Arg Lev <3lxs Ash Asp Ala Giu Lis Leu Ser Asp 
20 25 3 0 

lis Slv lie Thr Ala VAX tr» lie Pr.o Pro Ala Tvr Ly?. Giy Leu Ser 

35 4:0: 4$ 

40 

Oilr: Ser Asp As;-: Giy Tyr Giy T>ro Tyr Asp Lsu Tyr Asp Leu Giy Glo 

#he Gin Glxi Lvs Glv Thr Val Arg Thr Avs Tvr Glv Thr Lys Ser GU< 

•iv OS m 7S SO 

Leu Gin Asa Ala .lie Giy ger Gee Kis Sar Arg Asn Val Gin Val Tyr 
85 90 SS 

SO Glv Asp Val Val A<su Asa His Ays Ala Glv Ala Asp Ala Thr Glc Asp 
100 105 110 

Val Thr Ala Vsi iS.lv. Val Ass Pro Ala Ann Arg Asa Gla Slu Thr Sar 
IIS iM 125 

S3 

GIs ;;h: Tvx Gin lie Lvs A.; a Tra Thr Asp She Arg #M Lro Oiy Arg 

Slv Asa Thr Tvr Ssr Astj Pir« LvS: Trft His Trn Tyr Sis Phe Asp Giy 
SO 143 ISO ASS 160 

Ala Asp Trp Asp Qlxs S«r Arg Lys lie Ser Arg lie Pie Ays ?he Arg 
: 163 IAS ITS 

Si; Giv Glu Glv I,vs Ais: Tra As« Trrs Gia Val Sar Sar Ql.ii Asa Giy Asa 
ISO 183 ISO 



12 



Tyx ksp Tyr lieu Met tyr Ala Asp Vai Asp Tyr. Asp His Pro Asp Vs.l 
155 200 2 OS 

V&l Ala Slu Thr hys hy& Trp Glv lit*. Tro Tyr Ala te'SIa Lsu S<sr 
5 2l0 * lis ' ' 220 

lifeii Abo Giy Phe Arc? lis- Asp Ala Ala Lys His lis Lys Phe Ser Phe 
225 ~ 230 288 240 

10 Lex. Ara A 3D Tro Val air- Ala Val Arg Gin Ais Thr Giy Lvs <Slu Met 

2 -IS -2S0 255 

Phsi Thr Val Ala OJa Tyr Trp Gir; Ash Ash Ala Gly Lys Leu Giu 
.2 5 0 -26'S 270 

34 

Tvr imz ksn. Lys Thr Set J>he Ass C31ti Ser; Val Pise Asp. ml Pro 
275 380 285 

His S%» Asn key Sin A: 3 Ala S*r. Ser Sin 0;y Gly Gly Tyr Asp Met 
2S 225 2SS 300 

Ar« Arc? Leu Leu Asp OIy Thr Val Val Ser Arc? His? Pro Gla ty-k Ala 
108 "* 310 3.15 320 

22 val Thr Ph* Val ©la Ass His Asp Thr Gin Sly ftfo ser Ley Slu 
3.2.5 331f 33S 

Ssr Thr Vel air; Thr Tr» Phe Lys Pm Leu Ala Tvr Ms Phe XI* X.*tt 
34 0 34 5 3S.0 

Thr teg &fca S»v my Tyr Pro Gin Val Phe Tyr Gly- Asp Met Tyr Sly 
iSS 360. 3«S 

Thr Lys Sly Tte Ser arc *»ys Shs fie Pro Ssr Hsu Lys Asp Asn Xle 

35 370 37 S 380 

Gly Pro: He Leu Lys Sis Airg Lye Slu Tyr Ala- Tyr Giy Pro Gin His 
381 380 3-SS -4 00 

4V Ass Tyr Ila Asis Kis £re Asp Val tie Sly tr» T&r srg Slu. Gly Asp 

4 05 410 * 4X5 

Ssx: Ssr Ais Ala Lys Saxr Giy Leu Al« Ale Leu fie Tor Asp Gly Pro 
420 425 4 30 

4 5 

•Sly Sly Ser Lys Ar« Ksh Tyr Ala Giy Leu Lys Asn Ala Gly Gils Thr 
43 S 446 448 

T Tvr Ash Xle Thr Glv Ash Arq Ser Asp Thr vsi Lys lis Gly 
50 4 SO 455 4 50 

Aso Gly Trp Glv Gin V\vs His Val Asa Aso Glv. Ser Val Ser Xle Tyr 
465 ' 470 475 480 

.55 Val Gin Lys 



.*2X2 : » SNA 

<2t§> Basil iij.is stssrotharmophilus 

<220> 

55 <:223> CDS 

<222> {1 i . . (18485 



WO 60/60859 



FCT/PKasf/80148 



to 



35 



4P 



ST 



••;40C:= 7 

gcc oca ccq ttt sac ggc acc atg sti? fisii tat ttt csa egg tac tfcg 48 

Ala Ala Pro She Asa Sly Thr Met kst SX» Tyr Phe &lw Trp Tyr Lao 
l 5 10 IS 



ccg ga- gat. ggc a eg tta fcgg sec aaa ; gtg gcc ast gaa gee aac aac 56 

Pro Asp Asp Gly Thr Leu Trp Thr Lys V« 1 Ala Ash GIu Ala Asm Ask 
2 0 28 3 0 

is tta tec age ctt ggs ate acc get ctt fcgg ct.g ccg ccc get tac aaa 14 4 

Leu Set Ser Lcn Gly lie Thr Ala Leu Tro Ley: Pre Pro Ala Tyr Lys 
35 40 45 

gga sea ago ege age gac gta ggg tac ggs gta tac gac tog tar. gsc 192 

IS Ciy Thr Sar Are Ser Asp Val Sly Tyr Giy val. Tyr Asp Lea Tyr Asp 
SO 55 60 

cr.c ggc gas ttc aat oas aas ggg acc etc cgc aea a«a tac gga aca 240 

Leo Giy Qlxj »h« ssn OI a Lys Giv Thr Val Am This Lys Tyr. Gly Thr 

20 SS 70 7S eo 



aaa got oaa tac ctt ess goo ate oaa gcc gcc cac gcc get gga atg 288 
85 30 .35 



Lys; Ala Ola Tyr Leu CVn Ala IM Ola Ma Ala. His Ala Ala 



caa gtg tac gcc gat gfcc gtg etc gac cat aaa ggc ggc get gac ggc 33 6 

Ola val Tyr Ala Asp Vai Val .vm Asp His. Lys Sly Sly Ala Asp <31y 

100 105 110 

acg gaa tgg gac gcc gtc gaa gtc aat ccg tec gac cgc aac caa 384 

Tar 0h« Trp Val Asp Ala Val -<3iu Val Asa F-m Arg Asp ■ Oln 

115 L20 125 

caa ate teg ggc acc tat eas ate cas gca : egg acg aaa ttt: gat ttt 43 a 

Ola 11® Ser Sly Thr Tyr SIjs Xla .<3£n Ala Trp Thr Lys she. Mp- Phe 

130 135 140 



ccc ggc ccg ggc aac acc tac tec age ttt aag tgg cgc tag tac est 
Pre C y Arc Qiy Aac Thr Tyr Ser Ser She Lys Trp Arc i rp Tyr ttss 
-if US 150 155 ISO 



ttc agt fcps. Ott cct gat tgg org teg tat gtg ego tot cag act. ggc 
Ph& S*r 3?he Pise Pro. Asp Tr» .Lea Sar Tvr Val Asr:g. Ser Glsr Thr Qly 
245 " ISO 25S 



450 



ttt gac ggc gtt gat tea gac gaa age cga aaa: teg agsi c«?c at- tac 528 

Phfis Aap Gly Val Asp Trp Asp Gla Sex Arg Lys; Lou S*r Arg ik Tyr 

IS 5 ITS 175 

ass ttc cgc ggc acc ggc aaa gcg tgg gat tgg gas gts gac acg gaa 57S 

Lvs Pise Atg oi v He Qlv Lys Ala Trp Asp Trc Gl a Val Asc Tor Glu 
130 1S5 ISO 

§3 aac oca aac est qac tac tea atg oar gcc gac ctt «at atg gat cat 62:4 

Aso Gly Asa Tyr Asp Tvr i,eo Met Tyr Ala Asc Leu Asp 'mi Asp Biz 
195 TOG 2 05 

ccc oss etc etc acc a&a ctg aaa aac tga ccc aaa egg tst goo aac 572 

S3 Pro Q.ly Val Val Thr Ols Ley Lye Aac Trp GIV Lvs Tro Tyr Val A:o. 
210 215 22 0 

aoa acg sac ate gat ggg ttc egg Cct gat goo; gcc aag cat stt aag ?2C 

Tor Thr Asc lis Ase Gly "Phs Ar<s Leu Asp Ala Val Lys His lis Lys 

50 21S " 230 ' 205 240 



70S 



aa» ccg eta ttt acc etc ggc; gaa tat tec acc tat aac ate SSC sap 316 
Lys »PC Leu Ph« Thr Val Gly Giu Tyr Trp Ser Tyr Asp lie Ass Lys 



WO 
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260 265 2 70 

ttq cac &ait tab h ; : i acg aaa aca ws sca at^ tct PSc sec cas 86' 4 

Leu His Asn Tyr lie Thr Irya Tte Asp Sly lire Met; Gar Xtfu Phe Asp 
§••75 230 20s 

gec ccg t.t« cac aac aaa bet cat : sec get tec aaa sea ggg 99c gea 312 

Ala Pro Leu His Asa Lyz Phe lr Tir Ma Ser iys Ssr Gly Gly Ala 

2 90 2SS 300 

ttt gat ate cqe acq tta a tct sec aat act etc atg aaa aac c»& cc« PSO 

Pea Asp mt Arcs Thr Lay Met Thr Asn Thr 1*U Met fcs Asp Gin Pro 

3 0s 310 3 IS 32 0 

is aca ttg gec gtc acc ttc gtt gat aat cat gac acc gas ccc ggc caa 1000 

Vttx H«u Ala Vies J Trst Pha Val Aa» Asn His Asp tfc*t Ola Pro Gly Girt 
325 3 .30 33 S 

§og esq cac tea tgg gtc gac cos tqq ttc aaa ecg tta act tac acc 1055 

20 Ala Leu Sija Ssr Trp val Asp Pro Tsp Pise Lys Pro te» Ma Tyr Ala. 

330 34 5 350 



fctt att esa «c0 egg cag aaa gga tag eeg tgc gtc ttt cac ggs gac 11.04 
She: Us hen Thr ftrg GIp sla Glv Tvr Pro gya l?al j?&e> Tyr sly Asp 
25 355 360 36S 



tat tat age acc csa o.aa tat: sac sfct cct teg ccq aaa age aaa ate tXS.2 

Tyr. TV? SlV Ue Pro Sis Tyr Asn lie ?u, S«r £<su Lys S«r Lyss lie 
370 " 3^5 380 

gat cog etc etc ate gec egc acg gat tat get tac gga acg: caa eat 1200: 

Asp Pro h*# Jysu. lie Ala. Arc : Arc Asd Tv* Ms: Tvr dly Thr Ola His- 
3SS 3.90 3 $5 400 



55 gas: tat etc gat cac tec gae ate ate ggg see aca agg gaa ggg ggc 124 8 
A;sk Tyr tevs Asp His Ser Asp lie lie 
405 



ggg egg sea agg aaa ggg ggc 

Glv Tro Tor Acq Olss 0.1?/: Glv 



*et qss aaa eea gga tec gga ccg gee ges etg -ate acc gat gag ccg 125*? 

si Th>: .£31 y Lyss Pre Glv Per Gly l^u Ala Ala ueu lis Thr Ask gly- Pro 

420 425 430 

gga gga age aaa tgg apg rac qtx ggc aaa caa cac get qqs aaa gtg 1344 

Gly Gly Sss?: Lys tr^ Mas Tyr Val 01y .LvsrSM Hla Ala Gly Eys Val 
41 435 440 445 

esc "at cac ess acc acc aac cag a«t ssac acc qfic acc ate aac aac ilSl 

ppa Tyr Asp tea Tiiz Gly Asa A?g S«r Asp Thr Val THr i%* Asn 8s r 
450 4SS 4S0 

00 

gat gga sgg ggg gaa esc aaa gsc aao ggc ggt ccg gss scg goo egg 1440 

Asp Gly Trp Glv OlU Phe Lys Val Asa Glv Giy Oar Val Ssr Val Trp 

OSS 470 47S 4S0 

55 gtc ccs aga aaa acg ace gtt tct acc ate got egg ccg ate aca acc 1480 

Val Pro Aca Ays Tor Thr Val Set Thr tie Ala Arc Fro lie T.br T.b.r 
4BB 490 495 



cqa ccc Cqq act cat caa ttc etc ccs pcq arc aaa cca ccq ssq ata 1535 
Atg Ore Trp Thr 0.1 y OS a Pha Val Arg Trp Thr Gu. Pro Arg Las; Val 

s&e s.os 5 le- 



ge ccc; cct tga 
Ala Tro Pro 
51.5 



WO 80/68859 



«2ia> 515 
<21Z» PAT 

<2i:i> Bacillus sfcearcfcberwophiMss 
<400> 6 

Ala Aia Pro Phe Ash Gly Thr Net Met Gin Tyr Phe Glu Trp Tyr Leu 
1 S 10 IS 



Pro Asp Asp GIv Thr Ley Trp Thr Lye Val Ma ton Giu Mia Asn Asa 
20 25 30 



Ley 8«* Ser fcss Sly lie Thr Ala Asa Leu Pro Pro Ala Tyr Lys 

40 4-5 

GIv Thr Ser Arq Ser Asp V&I Giy Tvr Gly Val Tyr ksp Leu Tyr Asp 

SO 5S ' 60 

Leu GIv Giu Phe Asa Gin Lys GIv Thr Vai Ar«? Thr Lvs Tvr Sly Thr 

SO 55 7© 75 SO 

Lvs Ala Gin Tvr imx Gin Ala lis Sirs Ala Ala His Ala Ala Gly Mac 

85 SO 98 

2.5 Gis ¥al Tyr Ala Asp Vai Val Phe Asp His Lys Gly Giy Ala Asp Gly 

TOO ios 110 

Thr Six; Trp V&l Asd Ala ¥ai Giu V»l As*s Fro Mir Asp Arq Asa Gin 

IIS 312-6 12S 

Glxs He Se* Giy Thr Tvr Gin Tie C31a Ala Trp Thr Lyss Phe Pfaa 

130 135 140 

$?r© Giy Ayg sly Asn Thr Tyr .Ser Sar Ffea Lys Trp Arc? Trp 5V:r : .ais 

3t 145 ISO 155 "' 1:60 

Phe Asp GIv Val Aao Trip Asp (Alu Ser &r« Lvs Leu Ser Arq Tie Tyr 

170 



16.S 170" T"S 

4-Q Lvs PheArp Giv lie GIv Lvs Ala Tirp Asu. Trp: Glu Val Asp Thr Clu 
■ X80 IBS 150 

Asa- Sly Asa Tyr Asp Tyr Aeui Met Tyr Ala Asp Leu Asp tfejfc Asp His 
195 2S» 20S 



4-S 

Pro Bltt Vai Vai Thr Gix; Lay Lys Asa Trp Gly Lys Trp Tyr Vel Ask 
210 215 220 

Thr Thr Asn lis As» GIv Phe A?.q Leu Asp Ala Val Lys His lie Lvs 
SO 22S " 230 " 3-3.3 24.0 

phs Sex- OAs Tttes Pro Asp Trp Pan Ser Tvr val Ar« Ser Gin Thr Gly 
24 5 2SD 25 5 

T5. Lye Pro Lea Phe Thr Val Gly Givs Tyr Pre Ser Tyr Asp n« Asa Ays 
260 265 2TCi 

Lex; His Asu Tyr lie Thr Lvs Thr Asp Glv Thr Met Ser Leu Phe Ase- 
LAI 280 202- 

iU> 

Ala. Pro Leu His Asxx Lvs The Tvr Thr Aia Ser ws Ser Giy Gly Aia 
290 2SS $m 

Phe Asp Met Arg Thr Lea Tfefc Thr Asa Thr he a Met Lys Asp Gin Pro 
GT 301 GTS} 3T5 220 

Thr Lew Aia Vai Thr Ahe Val Asp Asa His Asp Thr Glu Pro Giy Sir; 



wo m.mm 



fcimKmimm 



is 



32S sso ms 

Al« Lzm G 1 s? Sm Tro Asp; Pro Trp ?te Lp Pro .im a; :; Tyr Ala 

340 34 5 MS 

Ph-?. lis Lsu Thr Ar« Gift Glu G3y Tyr Pro Cys va i Ph« Tyr ply Asp 

SSS Mi) 355 

Tyr Tvr Giv II* Pro Gin Tyr Asn II* Pro S&r iasu Lys Ssr Lys lie 

JC 3"0 3?S 380 

Aao Pro Aau Lsu lie Ala Arq Arg Asp Tyr Ala Tyr Gly Thr Gin His. 

3 S3 330 3 SS 400 

IS Asp Tyr L«« Asp His Sor Asp lis II* Gly Trp Thr Arg Glu Giv Gly 



5 410 4X5 

Thr Mil Ays Pro Giv S«:r Giv Asa Ala Ala Aeu lie Thr Asp Gly Pro 

420 .425 «0 

W 

Giv Gly S*r Bys Trp mt Tyr V>xl Gly Lys Gin Kis Ala <3ly Lys Sal 

435 440; 4<iS 

me Tvr Asp Teu Th?: Gly Asn Arq Ssr Asp Thr Vai Thr II* Asn &ar 
U: 4&0 4SS 450 

Aso Giv Tro Gly Glu Phis t&S Val Asn Gly Giy Sar Val Set Vsl Trp 



3:o Val Pro Arg Lys Thr Thr Val Ser Thr Tie Ala Arg Pro lie Tnr Thr 

4S>» 4.35 

Aro Pro Tro Thr Gly Glu Ph* V&l Arg ?ro Thr Glu. Pro Arg Leu yal 
500 SOS 510 

35. 

Als Trp Pro 
sis 

<210> 9 
<21l> 31 
■c'2T2> DN.A 

«2U> Arfe.ific.i-al sequence 

4 : s:; 

<220> 

£22.3:* Description of Artificial. Sequsrscs; Pzi$e& 

*4.O0> 9 

SO gg"cg&agge soegtagece c&atscgcte 9 31 

<aio> 10. 

<2U> 35 
ST <TS3> DNA 

«3U=> Artificial Sequence 

<330> 

fee <$Z3» D«scr.iptioh ©£ Artificial Sequence; ■ .kriiiser 

<4 0 0> tO 

ggtcgr.aggc aecgpsgeoc csacecomt ggotpg 36 

,3:0 ,• II 

<21.i» 28 



<M 2 -> tSMA 

<213> artificial laquence 

5 <222> Description of Artificial Sequence; Priwsr 

c-gagactgg tgagt&ctca accaagte 

<210> 12 
<2ii:- 21 

<2iS> Artificial Sequence 

is 

«22<3v 

<222:> c«;se.>:xpf Acn of Artificial Ssstscfev Primer 
<4 0.0> 12 

2.0 ggsegtaggc aeegtagccc ?;catccgcct g 



<aii» si 

<2X3> Artificial Sequence 
«220> 

<22 2> Description «f Artificial Sequenc* < Primer 
ggtegtsggc accgcagccc at-atccgest g 



3:5 <2>.0> 14 
>aii:> 3.1 
<2i2- OHA 

<2il> Art if ic..:-i sequence 

40 <i22<is- 

«:223> Beseripfciors of Artificial Sequence: Priwer 
ggp-egcaggc accgtageca atatccgett: g 





<2I0> IS 

■,;::> 36 
<212> t>Uh 



< Artif icial Sequence 



script ion of Artificial Ssguarsce: Friiser 



gcageetggss aecgetystg aagaggcacg ::«ssac 



Artificial Sequence 



rtif ic 



e<P<eric« ; Ptiim&x 



WO 90^0859 



18 

"atacu^gce qaattciatfcg gaaaeteccc: 



<2i2> aim. 

Artificial Ssaqueuce 

5.c < 322 > aafteripcipn of Artificial Sequence; Primer 
<400> 1? 

cacsgttgcc gaattcaggg ga««cttccc aatc 

2,5 

<210> IB 

<zn> 4i 

<212;> OKA 

*2J3» Artificial Sequence 
<223> Description of Ar;;ii : ici«i S?ij«e6 s Priwe* 
Si ccgegccccg g^aatesaa tfcttgt&cag gc&tt.aat:t:a. g- 



«2.10> 19 
<2U> 3.2' 
30: <2I2> W& 

<212> Artificial Sequence 

:«223> Description of Artificial Sequence; Pri;ner 
<4 00> 19 

caaaasggt® oosataceae fctaaaatego fcg 



<Sa1:> 23 
<-222> dj:a 

<213> Artificial sequence 
4.4 <220> 

«2S'3> Description of Artificial Sequence; Primer 
*-$»0:> 20 

cttceeaatc ceaaqtette ccttoasac 

<210> 21 

<212> Dm 
Si> •s£13> Artificial Sequence 

<22Q> 

<22:i> Description of Arfcif ielsl Seq\Jex-c« ; Primsr 



««tttct gcs.aegscgt ca<?«atggtc ataacc 



■■ 2 1 2. ■ 22 
<2ll> 3 8 
<Sj.2> » 

Artificial Senxi&r-ce 



WO 



<:223» Desmip-cion of Ar::ih;:iiii Sequence; Vvitosi 

S <*Q:Q6 22 

::• ^eaaqtc sttcgsccsg tactc&gsca sogca«sc 38 

<2IG> 2.3 
xC <Z1%» 23 
<2V. .- Di<« 

«223> Artificial Sequence 
<22Q> 

IS <2 23v Description of Artificial Sequence: -primer 
<4Q0:> 23 

gecgttttca ttgtcgactt eee&atccs 29 

<2.10> 24 
<222v 25 

<2i2> am 

<2:x:3> Artificial Sequence 

.2:5 

<220> 

Description of Artificial Sequence; Primer 
<400>- 24 

.30 9«astttcgK gccgaecagc ceogtaeafcii tcccc 35 

<230> 25 
<2.U> 3:6 

.m k212> mm. 

<2; ;> Artificial Sequence 



20 



<220;> 

«223> 'Description- of artificial »eq\«moe; Frist-sr: 
*4#» 2S 

ggcaggaatt: tegcgaeett. tegtcocgte CsttstiS 36 

45 <23 0> 26 

<233> 36 

! i :• 26<A 

«213> Artificial Sequence 

56 «230> 

•:: :: :: .• Description of Artificial Sequence ; Primer 

<:40ii> 3S 

cctcatxceq cagcagcagc ogt.saat.ggc acgctg 36 

63 

<236> 2.7 
<2i3> 36 

<2i2> nm 

$6 .;2X5v Artificial Sequence 
•= 2 3 3 > 

^2 2 3> Cescrrption of Artificial Seqweifce; Primer 

63 -•: •:- 6 6 > 27 

ccsgacggea .gt&at&ecgs tstcogataa atgrcccg 3 6 



<;2Uv 30 
■,2:.2 > .DJ2A 
v e2:13;> Artificial Sequence 

<22 0> 

<223> S.«scripfeio» of Artificial Sequencs: Prisu?): 

10 <400> 2 8 

cqgstatcg<| fcattactgec gsctggattc 30 

<2X0> 29 

IS 21 

<2i2> pha 

<2i3> Artificial Sequence 

<;220> 

so <22^ Description of Artificial sequence: Pri<86r 
«480» 29 

ctcgtcccaa teggttccgt c 21 

<2Xi> S<3 

<2il> 24 

<212> 25??A 

«2U3-> Artificial Sequence 

3-P. 

<220> 

«223> Qftftcripcioti of Artificial -Ssqaeiice* Primer 

«400> 30: 

S& gatctstgcc cj&cttcgscs atgscc 2« 

<S.10> 3 2 
4 0 --,212> SNA 

<21i> Artificial Seqsencs 
«:i20> 

•<H'2's* Bescriotioft tsf Artificial Sequence : Prim&x 

4S 

<4Q0;> 21 

sst&gttgsc gaattcattg gaaacfcfcccc 3-0 

SO <210> 52 
<2il> 24 
«2l2* 2 5-4. 

<2I3;> Artificial Sequence 

0 0 <220> 

h Qescr os.pcxon of Artif icial SequfiKca; Primsr 



:fgctg sc-gctgttai ccgc 



24 



■s210> 33 

<2IX» 2 2 

<212:> DMA 
ox: : 3 •. :; Artificial Sequaaea 



<220> 



WO »«88S9 



KTCl)KiMflNU48 



21 

Oescript icn of Artificial Ssqiiancs s JSrimer 
<4S0-.> 33 

gcc^gcgga taacggctac ggtgo 



Artificial 

< l 2 0 > 

<223> adscript ion of Artificial Soguenes-: -»rlpe* 
<400> 34 

gs3?:gagcea atcggacgcg ggc>:scgg 28 



<M3> Artificial Sequence 

«222> Description of Artificial s«gu«ncs; Prisysr 
<4C0> 3.5 

ggs«cg*sgcc aatoggatsa cggctaeggt go 

<2XQ> M 
<2Xl> 2S 

<it$> mm 

<'n'i> Artif icial Sec^uersce 

<222> Inscription of Artificial Ssgasacs; Primer 
gcstsrs&go: gacfcgagccs sgcgg 



<213> Artificial Sequence 

ktH* Description of Artificial Seg»snos; Primer 
caaccacaaa gccggcgsfcg atgeg 

5 gue:ac® 

<SS3>> Description of ArtifiOlsl SequgKcs; Priissi: 
«4SS :• 13 

gcata-caagg gactgageca afccggataao ggetacggSg c: 

<3i0> 



WO 



;.c:i.s. 



<22.;> inscription of Artificial Sequence : VrS>mr> 
<4S0> 39 

gascgagccg stcggacg-g ggotacgf 



■:.::\.Q > 40 

<?.!!:> 28 
<2t2> DKA 

<2X-3» Artificial Sequence 
<220> 

<223> Description cf Artificial Ssqusr.csr Primssr 



Hi <4 00> 



